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Introduction 
The investigations associated with this subject were started in the summer 
of 1956, when as a summer assistant of the Geological Survey of Finland 
I undertook geological investigations of the Quaternary deposits within the 
area of the map of Lappeenranta. At the recommendation of Professor VA.rx6 
AuER I then started collecting material from the ancient shores and bogs 
of this territory. After one year's interruption, I was able to continue the 
mapping of the area, and it was then that I also had the opportunity to do 
research work on the bogs associated \\ith the stages of development of Lake 
Saimaa. Having finished my pro gradu, work I was encouraged by my teacher 
to proceed with my stratigraphical and paleonthological studies on the de-
velopment of Lake Saimaa and especially on the origin of the Vuoksi River. 
In the beginning of the year 1959, \Yhen I became a research assistant 
of the Geological Survey of Finland, I was ordered by Professor EsA HYYPPA 
to continue research on Lake Saimaa in addition to my main work, the 
survey of Quaternary deposits. In the summers of that and the following 
year I continued the collecting of the material , and during the same period 
finished a part of the studies on microfossils. 
Since 1960 I have completed the laboratory work on the samples at the 
University of Helsinki. 
Professor Au ER has followed the progress of my work with keen interest. 
I am very much obliged to him for his valuable advice as well as for the en-
couragement which he has given me in my work. 
\Vith Professor HYYPP.~ I bad most useful discussions about the post-
glacial development of our lakes. As an experienced geologist he has given me 
much valuable advice for which I am deeply grateful . 
Dr. J. ]. Do"'NER, who has made a significant contribution to the research 
work on Lake Saimaa, has given me great help and encouragement, for which 
I am also most grateful. 
~Ir RrsTo TYNxr Phil.Lic and ~Iiss E sTHER UesSAARI l\I.A. instructed and 
guided me in the identification of the pollen. Dr. K<\RL ~IOLDER supervised 
the determination of the diatoms and also instructed me in the ecology of the 
diatoms as '\Yell as in the literature on the subject. To them my thanks are 
also due. 
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The chemical analyses were done by Mr. J. Hyyppa M.A., of the Geo-
locial Survey. 
I wish to accnowledge the financial support by Viipurilainen Osakunta, 
and the Finnish Cultural Foundation. 
Mrs. LYYLI ORASMAA and Mrs. lVIARJ A 1\-IA YER kindl y made the final draw-
ings of the maps and diagrams. 
Purpose and the object of the study 
The most significant objects for investigation, as far as the geological dating 
is concerned, are the numerous shore bogs found in the research area, many 
of which are partly covered by water. In the northern parts of Saimaa many 
of these have been investigated, whereas less attention has been paid to the 
southern ones. The most important area, however, ·with regard to the know-
ledge of the postglacial development of the lake, is the southern part of Sai-
maa, because it is here that the latest discharge channels of the lake are to be 
found. Also, it can be assumed that the changes in the level of the water most 
easily correspond to the stratigraphy of the shore bogs. AARO HELLAAKOSKI 
has mentioned the submerged bogs in this area (H ELLAAKOSKI 1922, 1940), 
but did not investigate them in more detail. 
This study aims at establishing more precise knowledge of the geological 
development of the southern parts of Saimaa, particularly in regard to the 
Post-Glacial period. For this purpose, along with the morphological investiga-
tions of the ancient shores, a peat geological method is applied. It is expected 
that the method will, among other things, provide answers concerning the 
course of the transgression and the time of action of the overflow channels 
of the southern parts of Lake Saimaa following this transgression. The Neo-
lithic settlement is closely connected with the transgression, and its relation 
to this natural phenomenon will be surveyed at the end of this paper. 
The research methods of the different stages of the work are treated more 
particularly in connection ·with the individual subjects. 
Previous investigations 
One of the aims of Finnish Quaternary geology is to shed more light on 
the history of the development of our lakes. After statistical pollen analysis 
had furthered peat-geological research methods, it was possible to date the 
changes in the development of the bogs more accurately. In Finland this 
method was used for the first time by \ AL'\0 AGER, who, in the beginning of 
the 1920's, did research work on the bogs in the parish of Kuusamo and on the 
postglacial history of Lake Vanaiavesi. Howe,·er, before this paleonthological 
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method was established, the development of the Finnish lakes had for a long 
time been a subject of research. A subject of special interest has been Lake 
Saimaa , the most extensive watercourse complex of Finland, which became 
an object of scientific study at the end of the last century (BERGHELL 1898). 
Then, for the first time, the ancient connection between Lake Saimaa and 
Lake Pii.iji.inne was proved by him. It \ns also pointed out that the upheaval 
of land had caused a transgression, for which reason the discharge channel 
moved towards the southeast. At about the same time, in the Atlas of Fin-
land, it was pointed out that the bed of the Vuoksi River near the Imatra 
Rapids was much broader than it is now (SEDERHOLM 1899). Because of its 
,·ast outlet, the Vuoksi River, Lake Saimaa also appears in a larger study 
concerning the regressions of the lakes in our country (PALMEN 1902). In the 
same publication mention is also made of the fact that Count PER BRAHE 
had already paid attention to the straightlined form of the Imatra Rapids. 
In 1904, in a report about the map of the superficial deposits of Kuopio, 
BERGHELL treated the transgression of Lake Saimaa as well as the rise of the 
\ ·uoksi River. On the basis of the )>boreal diatoms)>, analysed by-ASTRID CLEVE 
- EULER (BERGHELL 1904), the existence of the Ancylus Lake was mentioned 
from which Saimaa and Lake Pii.iji.inne were isolated. In this report it is further 
told that because of the land upheaval the waters of Saimaa found a new 
outlet through Vuoksenniska to the Ancylus sea. A few years later Lake Sai-
maa is mentioned in the Atlas of Finland (SEDERHOLM 1910), and later on 
in a study concerning the shore line displacements of East Finland (WILK-
)!AN 1912). In the next year two outlets of Saimaa, dating from earlier times 
than that of the Vuoksi , were localized (FROSTERUS 1913). 
In 1922, the first thorough ancient-shore study about the stage of de-
velopment of Lake Saimaa, the so called »Suursaimaa)> (Great Saimaa), in 
the Litorina period, was published by A.A.RO HELLAKOSKI. Later, he produced 
a series of publications on Saimaa {HELLAAXOSKI 1932 a and b, 1933, 1934, 
1935, 1936, 1938, 1940 and 1949), in which he discussed more fully the de-
, ·elopment and history of the lake basin of Saimaa. Later publications con-
cerning Saimaa are largely based on the pioneer work of HELLAAKOSKI and 
thus his investigations have made a valuable contribution to what is known 
about the history of the development of this Finnish lake. Within the same 
year as the work about the Suursaimaa stage \Yas published, the first criticism 
of it appeared (WILK)1AX 1922). A few years later, another published study, 
closely connected ·with Saimaa, dealt with the age of the Vuoksi (SCHJERF-
BECK 1925). One year later a scientific study (R..ursAv 1926) touched on the 
same subject. The active research work concerning our lake was carried on 
'"ithin the years that followed and the shore-lines in this area were treated 
in different connections (SAC'RA)IO 1929, R.ursAY 1931, BRA.'\DER 1934). 
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In 1940, M. SAURAMO gave a summary of the deYelopment of Lake Saimaa 
in his textbook )>Suomen luonnon kehitys jaakaudesta nykyaikaam. 
A study of Siilinjarvi (LuMIALA 1943), as well as research work on Hepo-
suo bog (OKKo 1948) have thrown light upon the stages of development of 
Lake Saimaa in the district of the town of Kuopio. After the above mentioned 
stratigraphical and paleonthological works, an interesting paper was published 
on a sand-covered bog in Kuopio (KoTILAIXEX 1953). Later on, further 
thorough stratigraphical investigations were performed and Post-Glacial 
shore-line displacements elucidated in this region (Do:-txER 1957) . In the history 
of the Baltic Sea, published one year later (SAt.:RA::.fO 1958), there also appears 
a bog profile from south Saimaa, Puumala parish, closely connected with 
the development of Saimaa. The latest stratigraphical and paleonthological 
report which presents new ideas on the subject, is about the island of Kattelus-
saari, situated between the first and the second Salpausselka (LAPPALAJXEX 
t960a). 
Theories about the development of Lake Saimaa 
As early as in the Late-Glacial period the lake district of Saimaa was an 
area with many islands. In the beginning it was a bay of the Baltic ice-lake 
and the surface of its water near the melting ice sheet was rather high, about 
100-120 meters above the present sea leYel (H ELLAAKOS.KI 1934) . When the 
level of the water in the Baltic ice-lake, after the second Salpausselka stage, 
had fallen 27-29 meters to the level of the Yoldia Sea (SAt:RAMO 1929) , Sai-
maa was soon isolated by the damming ridge of Salpausselka and became 
an independent ice-lake. 
In the beginning, when the ice sheet was still near the second Salpausselka, 
the waters were dammed at Ala-Satanen (south Saimaa) forming the so-called 
Saimaa ice-lake (HELLAAKOSKI 1934), which discharged along the Rutola 
channel and along the low stream of Lavikanlahti , in aYitaipale, to the Yoldia 
Sea. In the southernmost part of south-east Saimaa, the level of this ice-
dammed lake was somewhat higher than that of the present Saimaa, but 
the shore marks left by it have worn away for different reasons and become 
unrecognizable. Marks of it are still found eYen in the middle parts of Saimaa 
as far as the second Salpausselka, where it appears as a shore-line above the 
so-called Suursaimaa shore (H ELLAAKOS.KI 1922). On the promixal side of 
the second Salpausselka, the level of the Saimaa ice-lake forms the highest 
shore-line. The surface of its \Yaters was about 15 meters higher than that of 
the Yoldia Sea. 
On the north side of the second Salpausselka, towards the parish of aa-
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minki and Lake Puruvesi, the so-called Siiiiminki ice-lake was dammed (HEL-
LAAKOSKI 1934), and its level was 4 meters lower than the level of the Baltic 
ice-lake on the second Salpausselkii. From its southwest corner it discharged 
to the Saimaa ice-lake. In one of its stages, the level of the Siiiiminki ice-lake 
was 3 meters above the Saimaa ice-lake, but later they merged into one lake. 
The level of the Saimaa ice-lake fell afterwards because of the outlet broken 
through on the south side of Varpanen, and the so-called second stage of the 
Saimaa ice-lake was evolved (H ELLAAKOSKI 1934) . When the ice sheet had 
withdra\Yn 35-37 kilometers north of Salpausselkii, another discharge chan-
nel appeared near ~Iiintyharju , and the surface of Saimaa fell 5-6 meters. 
At this point its level reached that of Yoldia Sea. The parts of Saimaa freed 
from the ice, now formed part of an ocean. The whole of Ala-Satanen belonged 
to it. On Pikku Saimaa (northern part of Lake Saimaa) the surface of this 
Yoldia Sea was higher than that of the present Lake Saimaa, on the second 
Salpausselkii they were at the same level and on Saimaa it was lower than 
the surface of the lake mentioned. 
During the stages described above, fine-grained material were eroded from 
the hills and a thin , glacial water sediment cover was formed on top of the 
moraine conr in the Saimaa basins (H ELLAAKOSKI 1940). 
In the Pre-Boreal period, during the time of the Yoldia Sea, south Sai-
maa was partly isolated , and, bearing in mind the accounts of the highest 
shore-line of the Yoldia Sea in the area of Konnunsuo - \ ' uoksenniska (55-
60 meters) (SAt:RA~O 1958), it presumably then contained a number of in-
dependent ancient lakes in the area of the present Lapveden Saimaa as well 
as in those in the area of the parishes of Lappee, J outseno and Ruokolahti. 
It is most likely that these lakes discharged their waters into the bay of the 
Yoldia Sea, situated on the south side of the second Salpausselkii. 
It is not known for certain when Saimaa became isolated from the Yoldia 
Sea, nor how high the surface of its waters was then. It can, however, be 
concluded that before the Ancylus period, enn the northern parts of Saimaa 
had become detached from the Baltic Sea, whereas the lowest sounds in Kiuru-
vesi and Suonenjoki became dry land during the Rhabdonema period (SAt: -
RA~IO 1940). The Ancylus lake, in the farthest corner of the lake basin, also 
reached Saimaa, and soon after this lake stage Saimaa became isolated as an 
indiYidual lake. 
In the beginning of its development, during the Ancylus period, Saimaa 
had an open connection with the ancient Lake Piiijiinne (SAL'RAMO 1940 and 
1958). As a uniform \Vater surface it then extended from alpausselkii to the 
a rea of J oensuu and avonlinna, stretching through Lakes Pielavesi aud 
Kiuruvesi , on the !eYe! of the ancient Piiijanne, which in its turn discharged into 
the Gulf of Bothnia (SA t:R.·DIO 1940) . Thus, a long and labyrinthine great lake 
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was formed, in central Finland with its discharge channel in its northwest 
corner in Lake Kotajarvi. The surface of Lake Saimaa fell to the same level 
as Lake Paijanne by the opening of the Rieveli channel in Heinola, but later 
on it remained higher than Lake Paijanne and presumably discharged into 
it through Selkayslampi of Lake Pielavesi. 
As early as in the Boreal period there was a transgression in southern Sai-
maa caused by a stronger uplift of land in the northern part of the lake basin 
(SAURAMO 1958). Thus bogs, forests and old settlements were drowned. After 
the waters had risen high enough, they crossed the threshold in the parish of 
Ristiina at Matkuslampi ponds of Yovesi leading to the watercourse of l\'Ianty-
harju, and started running to the Kymi River (H ELLAAKOSKI 1936). Because 
of the continuous transgression the discharge channel moved towards the 
southwest, leading first through the channel of Rutola in the parish of Lappee 
to the watercourse of Lake Kivijarvi and further to the Kymi River. In addi-
tion to the outlets of Matkuslampi ponds and Rutola , Lake Saimaa had two more 
discharge channels, situated between those mentioned above (SAT:RAMO 1958). 
During the continuous rise of the waters, the discharge channel finally 
moved towards the southeast to Vuoksenniska, where the low ridge of the 
first Salpausselka broke down and the Vuoksi River rose. This, according to 
RAMSAY (1926), took place in 1650 B. C., at the turn of the Stone and Bronze 
Ages (E. KrvrKOSKI 1961, dates the turn of the Stone and Bronze Age to '1300 
B.C.). According to HELLAAKOSKI (1936), this event occurred before the middle 
of the Litorina period, whereas archaeologically it is dated between 2500 
-2400 B.C. SAURAMO (1940) considers the date of the rise of the Vuoksi to 
be 2000 B.C. Immediately after the rise of the Vuoksi, the level of Saimaa, 
according to HELLAAKOSKI, fell about 2 meters. Because of the continuous 
gradient of the Saimaa lake basin, the regression contined to uncover ne\\· 
shore areas (HELLAAKOSKI 1940). Ancient bogs and settlements dried up 
again. The further northwest a place was situated, the more earth became 
uncovered, because the isobases run in a southwest-northeast direction (HEL-
LAAKOSKI 1922, KAARIAIKEN 1953). 
Description of the investigated area 
The area where the field work connected "'-ith this study was performed, 
is limited to the territory of the most southern part of Lake Saimaa, mainly 
within the district of the topographical map (1 : 100.000) of the tmm of Lap-
peenranta (Fig. 1) . It includes the parish of Taipalsaari, the town of Lappeen-
ranta and the market town of Lauritsala. In addition to this parts of the pa-
rishes of Savitaipale, Lappee and ] outseno belong to it. A few locations are 
ACTA BOT ANI CA FE) rNICA 64 
8¥17'1 .-sobo.s~ j'or .shor~ -/,In~ .YoiJ 
X .-? L e ve //e d b .,ac/,e s 
O XY .7nve s f'f'"'l" d .6o7s 
Fig. 1. ~Iap of a rea iD\·estigated. 
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situated outside this territory, that is in the east part of J outseno and in Imatra. 
Research work has also been extended to the district of the Kivijii.rvi water-
course, where a couple of investigations were made in the parishes of Lemi 
and Luumii.ki . The greatest part of the shore-line and bog investigations was 
performed in the area of Lapveden Saimaa, a denomination given by H ELLAA-
KOSKI (1933) to the most southwestern part of the Saimaa watercourse. It is 
a labyrinthine watershed, connected from its southern part to Lake Saimaa 
proper. 
From the many shores and smaller islands of Saimaa, the water has washed 
off all the loo~e soil , and for that reason the bedrock is clearly visible, as well 
as the striae on it. H ard granite and gneiss ni.th variations is found in the 
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Fig. 2. Topographical map of area inYestigated. 
northern and eastern parts of the area. On the other hand, the striae are not 
clearly Yisible in the bedrock of the south-western part " ·here it is often formed 
by deeply weathered rapakivi granite. 
The gravel ridges of both Salpausselkas rise abO\·e the moraine hills and 
only some tops of the rock formations tower oYer these plateaus (LAPPALAI-
XEX 1961) . In general, the first Salpausselka stays 100- 105 meters above 
sea level, and the second Salpausselka rises 10 meter higher (Fig. 2). ~Iany 
gravel and sand accumulations, smaller than the e, reach the same level in 
the middle terrain of the glaciofluvial formations and in the island district. 
The lowest parts are mo tly moraine drift or bogs, whereas the southeastern 
part of the innstigated area at its Yery lowest being oYer 10 meters below 
the level of Saimaa, includes stratified silty clay layers of \·aiJ;ng thickness. 
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The raised beaches 
Research methods 
Terraces and other beaches, abundant in the investigation area, are charac-
teristic of the shores of Saimaa. These marks are the results of standstills 
and transgressions of the water level and they appear on certain levels in a 
downward direction from the plateau floor of Salpausselka .. The high beaches 
occur because the isostatic upheaval tilted the earth's crust as well as the 
lake basins. It is also known that the uphea\·al of the earth's crust was faster 
during the period of the withdrawal of the ice sheet, and that discontinuity 
and a certain rhythm were characteristic of it (SAt;RA:IIO 1958.). At the present 
day, however, the rate of upheaval is considerably less than it was during 
the Late-Glacial period. 
Despite the fact that detailed studies, based upon the ancient shores of 
south Saimaa, have been published (H ELLAAKOSKl 1922, 1934), determining 
of the shore level as well as morphological investigations have nevertheless 
been performed. The findings concerning the shore-lines of the investigated 
area are centered in Lapveden Saimaa and on the south-west shores of Lake 
Saimaa. Here the best formed shore-lines are to be found close to the esker 
ridges or the glaciofluvial fom1ations. On the open Saimaa, however, they 
are greatly deformed because of strong waYe action. For the same reason 
shore-lines visible in the narrow waters emerge here. Because of this the de-
termination of the shore-lines was abandoned in open areas of this kind. Close 
attention has been paid to the form of the beach itself, because on the slopes 
many shore-lines, vertically very close to each other, appear underneath 
each other. In deciding the order of their age, notes concerning the morphology 
of the individual shore-lines have been of great help . 
Included among the shore-lines are chiefly the washing limits and ice-
ramparts, sometimes also the shore terraces. The determination of these 
formations has been done according to the principles explained by AARO 
HELLAA.KOSKI (1922, 1928 and 1932). 
Vast bouldered shores, similar to the ones found in central Finland for 
example, were not found in the investigation area. 
To determine the highest shore an attempt \Yas made to find the washing-
limits and uppermost ramparts. The distal edge of the glaciofluvial plateaus 
was used to determine the highest shore-line, because, according to some theo-
ries, the plateaus reached up to the water level during the time of their forma-
tion (SAURA:.\rO 1928). Theories that they are so-called secondary plateaus, 
that is, areas levelled down by later water stage , have also been advanced 
(HYYPPA 1951). In the area under discussion , the highest shore-line was de-
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termined in accordance with the plateaus of the Salpausselka ridges,because 
on the rock formations rising above the Salpausselka ridge the actual highest 
washing limit is often obscure, in consequence of powerful weathering, all 
the more so because there vegetation has gained a firm footing. 
Local bench marks were used as the starting point for altitude measure-
ments. Where there were no bench marks in the terrain, as is the case in the 
labyrinthine archipelago of Lake Saimaa, the level of Lake Saimaa was used 
as the levelling basis. Its daily elevation is available in the Canal office of 
Lauritsala or on the measuring stick by the Rapasaari bridge in Lappeenranta. 
Raised beaches investigated 
In the grounds of the Mujasniemi at Pulp in the parish of Joutseno (see Fig1., p . 11 , 
point 1. ) there is a 5 m.-high shore cliff cut into the sand bank of glaciof!u\·ial origin. The 
altitude of the foot of the cliff is 80.2 m aboYe sea-level. 
On the north-west shore of 1\Iattilanniemi peninsula in Joutseno (2.) there are two 
ancient shore cliffs, clearly cut into the gentle gravel slope at altitudes of 95.6 m . and 
79.6 m. The terraces are not particularly well developed. 
The island of Suur-Suomensalo is situated on the southern part of Lake Saimaa, on 
the open lake to the north nearest the Pulp mills (3.) . Almost the whole island is covered 
by glaciofluvial accumulations and its highest spot rises 15 m. aboye the surface of Lake 
Saimaa. Shore t erraces have cut into the sides of the island, the height of the most pro-
minent cliff ranging from 2 to 5 m. This depends on the height and the slope of the gravel 
bank. The altitude of the foot of this cliff is 80.2 m. The cliff situated abO\·e that is defor-
med, and thus does not lend itself to shore determinations. Indefinite traces of a beach 
have also been left about 2 m. above the level of the present Lake Saimaa. 
According to the topographical map, the average altitude of the big glaciofluvial 
plateau in Joutseno (4.) is 10 5 m . above sea-level, which represents the average altitude 
of the distal part of the glaciof!uvial formation. The proximal part is somewhat higher, 
but the topography of the surface is very uneven . Thus a shore-line measurement here 
would produce uncertain results. 
A number of shore-lines have been measured near Lake Saimaa, in the northern part 
of a big gravel area. Here, in the village of Ilottula in the parish of Joutseno, the proximal 
part of the first Salpausselka ridge curves into two U-formed bays, between which there 
is the uneven hill of Rapakkomaki. In the northeastern part a gran! slope, 15 m . in height 
and attached to the Salpausselkii ridge, there is a plateau which rises about I 00 m. above 
sea-level. On the north side, close to the shore of Lake Saimaa, there is a kettle hole in-
cluding the small Lake Heimojarvi (5.). In the south it is bordered by a steep cliff of the 
esker kettle mentioned, whereas in the north a low esker isthmus separates it from Lake 
Saimaa. The level of Lake Heimojarvi is a little higher than that of Lake Saimaa, and its 
water, constantly replenished by the ground waters, empties itself as a small streamlet into 
Lake Saimaa through the narrowest part of the isthmus. 
Three clear notches, the lowest of them at an altitude of i i .5 m. and the one immediately 
following at a height of 80.3 m., have been eroded into the south bank of Lake Heimoj arvi. 
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At an altitude of 89.6 m. there is a slight indentation in the cliff aboYe which the slope 
becomes a little steeper. The elevation of the base of the highest indentation is 95 .3 m ., 
bordered by a short shore-rim in the lake side. 
The Valkoinmaki hill (6.) forms the western terrain bordering on L ake Heimojarvi. 
On its northern slope, in the immediate vicinity of the former brick works, there is a 
cliff, the foot being at 80.!> m. The shore cliff, itself 3 m. high, gh·es the impression of being 
a double beach. 
Below the bank where the brickyard was s itua ted a road runs a long the gently sloping 
beach. On the very edge of the shore there is a sloping cliff, into the face of which a st one 
h as been pressed. Its foot is at a height of 79 m ., that is 3 m. above the present Lake Sai-
maa level. 
The center of the market town of Lauritsal~ is diYided by a new highway, sweeping 
towards the south-east and passing below a railroad . Because of the highway it has been 
necessary to make a big cut into the accumulations of the Salpausselka ridge. On both 
sides of this cut of Tunnelikatu, two terraces can be seen, one underneath the other, 
morphologically equal in thickness and emphasized by the grass sown on the banks. The 
bottom of the lowest t errace is at a height 94.6 m. and th a t of the higher one 1 05 .!> m. By 
the railroad the height of the plateau is 105 m. This represents the highest point of Laurit-
sala, because towards the south the terrain is slightly tilted, though m aintaining the 
charact eris tic fe atures of a plateau. The average height of the d is t a l part is about 105 m. , 
a figure which can be applied in shore-line determinations. \Vest of Lappeenranta 
the plateau of the Salpausselkii ridge spreads out, rising a few meters at the same time. 
On the town air field the ele\·ation of the plateau is 108 m. descending gradually south. 
The average he ight of the distal part is 106 m. in the Yillage of Soturinkyla (8 .) and further 
west in Viidentienristeys, 10/ m. (9 .). Locally, in the south-western terrain of the village 
of Uusi Lavola the Salpausselkii ridge reaches a height of 112.8 m., a figure, however, 
which does not signify the average altitude of the plateau in this Yicinity. The values 106 
and 107 m. can be considered as reliable anrage altitude values for the d ist al part of the 
plateau. 
The plateau of the first Salpausselka ridge extends towards the west in the south-
eastern t errain of the Ruoholampi pond in the \-illage of Rutola (10. ). The height of its 
distal edge ranges from I 05 to 106 m. and in the south-eastern part of Ruoholampi , its 
m aximum height is 108.7 m., taken from the surface of the pond. At this point the Sal-
pausselka ridge forms a sm all hill, differing from the surroundings and covered by sparse 
boulders. The Ruoholampi pond, the JeyeJ of which is 80 cm. above the m ean wat erline 
of L ake Saimaa, is separated from Lake Saimaa as well as from the long Rovonlahti bay, 
by a 3-4 m.-high and O.o m.-broad isthmus. At its southern end the pond is bordered 
by a shore bog which on t he land side reaches an elevation of about 80 m. Towards the 
south the above m entioned proximal slope of the Salpausselka ridge rises steeply, here 
and there covered by stones and boulders , and rising oyer 30 m . aboye the level of the 
pond. At an a ltitude of I 00 m. a clear shore terrace has been eroded into the slope and 
big ice-pushed boulders have pressed into the foot of its cliff (11.). 
The northern shore opposite is covered with fine washed sand which on the side facing 
the land provides materials for the gently sloping shore bar. On the shore the pressure of 
the ice has formed a 1.5 m.-high shore bar. A shore terrace has formed on the gently sloping 
bank of the esker ( 12.). The elevation at its foot is 83.9 m. A 2 m.-high cut, the unbroken 
material of which includes fine sandy layers, inclining 30° south crosses this little sandy 
bar parallel with the Salpausselka ridge. 
The grayeJ and sand area on the western shore of Royonlahti bay ( = Jokilahti or 
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)J"uotinsaarenselka) is closely related to the first Salpausselka ridge. The slope facing 
the lake (13.) has a couple of clear terraces . The eleyations of them are ;8 .5 and 83.6 m. 
Nearest to the shore the re is a small bar, the t op of which is one meter higher than the 
mean level of Lake Saimaa. 
The districts of Lakes Kotajii.rvi , Syntymajii.rYi, Lahnaj ii.rYi and Kivij arvi include 
plenty of shore features a t varying a ltitudes. The lowest shore marks a re best developed 
on the esker isthmus be tween Lakes Kivijarvi and Lahnajan ·i (H .) where there a re two 
shore cliffs, one underneath the other. The higher one of these lies at an altitude of 82 m. 
and is well formed. 
K ahi:insalmi, the narrowest part of Rovonlahti bay, the breadth of which is less than 
100 m. , is situated in the village of Nuppola ( 15. ). On its eastern shore , turning slightly 
towards the south, there is a narrow ridge of sand proj ecting into the sound. This ridge 
of sand is · a remnant of a larger gravel formation, marks of which are to be found in the 
neighbouring terrain. This sand formation resembles a small plateau a nd its height is 
;9.1 m . Since · marks of · erosion are found on the shores of the sound both a t the 
corresponding altitude and a little higher, there is reason to suppose that this sand forma-
tion was levelled down by the water. This assumption is supported by the possibility 
that here Lake Saimaa had an outlet through which its waters discharged to K ymi Rive r 
(HELLAA KOSKI '1922, 1936). Bnt even before that the melting water of the ice retreating 
from the Salpausselka ridge, had an 0\·erflow channel through this bed to the Yoldia Sea 
(HELLAAKOSKI 1934). 
The side of the esker situated in the eastern part o f the \'oisalmensaari island ( 16. ). 
belonging to the town of Lappeenranta, has several shore t erraces one below the other. 
A cliff, the foot of which is a t height of 96 .6-97.5 m. , is the largest of them. A small plateau, 
like a fl a t table , rises above the cliff , its e le,·ation on the site of a former observa tory 
being 105.4 m. 
On the brink of the western side of the esker in \ 'oisalmensaari there is a road that 
in the middle of the esker makes a turn towards the east, thus crossing the esker and 
running along the eastern shore of the island. On both s ides of the road the terrain undu-
la t es parallel with t11e shore. Closer to the n orthern end of the esker (17 .) this undulat ion 
is altered into clearly regular ramparts or waYe-cut cliffs. Thus two shore t erraces, one 
below the other, are formed into the esker on the west side of the road, the base of the 
upper one having an altitude of 84 m. This figu re represents an a\·e rage, because levelling 
was carried out in several places on the shore. On the eas tern edge of the route the ground 
begins to fa ll to the lake, ending in a stony shore-rim parallel to the shore, and in detached 
ice-pushed stones. H ere t he altitude at the foot o f the lowes t stone is 80.5 m. 50 m. from 
the shore east of this clear shore mark, the t errain descends in terraces towards the shore, 
forming several long shore bars p a ra llel to the shore, or rows of shore rims. Two of these 
a re particularly distinguished, appearing all the way as uniform formations. The elevation 
at the foot of the upper one, a small wave-cut cliff , is 78.7 m. , whereas that of the lower 
one, appearing first as a wall, and then as a gently sloping bank bordering upon the cliff, 
is /8. 1 m . Close to the water limit there is a shore rim clearly formed by the overflow. 
The maximum elevation of the sho re-rim is 77 .2 m. which is 1.4 m. abO\·e the mean le,·el of 
Lake Saimaa and 40 cm. higher than the mean height of the flood le\·el. 
The island of H eposalo is s ituated about 2 km. north-east of \'oisalmensaari. At the 
south end of the island (18.) the re is a glaciofluvial, e'en-surfaced gravel accumulation . 
The a ltitude of this small plateau is I 05 m., which is about the same as that of the plateau 
of Voisalmensaari. 
On the eastern side of H eposalo there is a rocky island called KuiYaket\·ele (19.). One 
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of the highest hills in the area im·estigated, Linna,·uori , rises on its eastern shore. An 
ancient stone fortress is located on its clean-washed slope , in an east-west direction. ::\earer 
to the top there are detached ice-pushed boulders and on the top itself a sparsely weathered 
boulder field. The maximum height is 11 6.8 m. The ice-pushed boulders are found at an 
eleyation of about 114- "115 m. or belo"l"l" that, more abundantly at an altitude of 100 m. 
Obscure striae in the direction of 310° are , -isible on the top. The wearing of the ice can be 
seen better in the lower parts of this rapaki\·i granite rock near a road. The orientation 
of the striae he re is clearly 330°. 
6 km . west of the town of Lappeenranta , the long p eninsula of :IIerenlahti pushes 
northwest (20.). The narrow Rovonl ahti bay separates it from the western mainland. An 
esker plateau extends oYer an area of about I km2 in the northern part of the peninsula. 
The altitude of the plateau ranges from I o; to I 08 m. By the farm of Toukola three clear 
beaches have become eroded into its southern slope, which ends in clay. The foot of the 
lower notch is bounded by a low field. By the foot there are a few small ice-pushed boulders 
at an average altitude of 80.7 m. The height of the edge of a cliff bordering on a plateau 
higher up is 85 .4 m. Abo,·e that , at an altitude of 99.9 m., the re is the foot of the cliff 
limited by ice-pushed stones. 
A narrow peninsula, didded into two small esker ridges, branches out from the glacio-
fluyial formation of Merenlahti and projects into Lake Saimaa in the north. Pulkkaniemi 
(2 1. ), the northernmost of them, is a steeply sloping ridge which in the north is bordered 
by a rocky spur, located between the ridge and the lake. The western slope of the esker, 
forming the s ide of a narrow and sheltered bay, has a steepness of 35°, for which reason 
there are no shore features. The stoss side, howeYer, has a gentle slope and , due to its 
having been unprotected against wa\·e action there is a shore cliff formed into it. At its 
foot, bordering on the esker cliff, there is a belt of ice-pushed stones. The altitude at the 
foot of these stones is 85.8 m. Below the shore cliff there is a shore-rim with a gradual 
slope of round stones. Its lowest limit is at an altitude of 80.8 m. The maximum height of 
the peaked esker is 95.! m. 
In the village of Jauhiala, Taipalsaari island (22 .) is situated in a high, curved gravel 
and sand area, the sides of which have been eroded by a variety of wat er stages. Con-
sequently, these slopes are covered with different shore layers, mostly formed by fine 
sand. In the middle of the glacioflu\ial accumulation there is a plateau, full of pits and 
kettles on the north side. A clear pond has formed in the largest deep esker kettle. The 
raised beaches are particularly noticeable on the south and east shores of the island. The 
Ie,·elling of the ancient shores was performed on the latter side. Detached ice-pushed stones 
a re found on a gentle sand slope, closest to the shore of Lake Saimaa, at an altitude of 
79.4 m. Higher up on the sand slope the foot of the 4 m.-high cliff rises to 87.6 m. In the 
middle of this cliff there is a small notch, probably indicating a double shore. The height 
of the foot of an ancient shore cliff situated by the highway towards the top of the plateau, 
is I 02.0 m . The maximum height of the east edge of the Jauhiala plateau is 106.8 m . 
On the east side of an esker situated in the Yillage of Rehula , Taipalsaari (23.), an 
ancient shore rim, has an altitude of 82.! m. , le\·elled from the lowest stones. About one 
kilometre towards the north-west from Kutila of the village of Rehula , the gravel esker 
changes into a fine sandy beach gradually towards the shore. The crest of the ancient 
esker has been levelled down to a small sandy plane, its a\·e rage height being 89.9 m. 
The Rehula esker stretches further towards the north-west expanding here into a wider 
accumulation. In Kuhala, in the a rea of the id! Sen·ants' Holiday \'illage (24.) it slopes 
Yery gradually down towards l',ake Saimaa, and seyeral shore marks, one underneath the 
other , have been formed in it. The e!eyation of the foot of a weak wa,·e-built rampart 
2 
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farthest down on the beach is )1 .2 m. A little higher up there is a stony shore-bar at an 
altitude of 78.6 m. at the foot. On a level with the crest of this stone bar there is a beach 
ending in ice-pushed stones. The lowest stones are found at an altitude of 79.7 m. A narrow 
beach is situated above the stony zone higher up, being bounded by big ice-pushed boulders. 
The lowest boulders are at an altitude of 82.0 m. Further uphill, a wave-cut cliff has cut 
into glaciofluvial gravel, its height ranging from 2 to 3 m. By the main building of the 
holiday village, the altitude of the foot is 92.4 m. 
The village of Kuhala is situated towards the north-west of the holiday village . In 
this neighbourhood the esker separates the Suursuo bog from Lake Saimaa. Excluding 
the Konnunsuo bog, this bog is the most extensive in the area investigated. The altitude 
of the lowest dividing threshold (25 .) is 84.6 m. On the side facing Lake Saimaa, a number 
of small stony rims, situated one below the other and resembling stone steps, were levelled. 
The altitudes, measured from the lowest foot to the highest, are: 80.7 m., Sl.o m., 82.3 m., 
and 83.1 m. The morphology of the lowest shore feature differs from that of the others, 
and the terrace of 82 .3 m. is the best marked of them. To the north of the lowest cliff the 
esker again starts rising. Thus two cliffs have managed to cut into the slope (26. ). the 
lower and weaker of them being at an altitude of 84.7 m. The one higher up and more 
strongly developed has an elevation of 88.7 m. 
In the northern t errain of the village of Kuhala, the esker expands into a big and high 
gravel plateau, larger than the Salpausselka plateau in Joutseno. Here, on Sarviniemi 
peninsula on the second Salpausselka ridge, in the neighbourhood of the Suursaimaa 
holiday village (27 .}, there are well-developed raised beaches. The altitude of the foot of 
the largest cliff is 93 .5 m . On the level beach bordering on it there is a great abundance 
of big ice-pushed stones and boulders. Their number is slightly less at a stony rampart 
whose altitude is 82.6 m. The distal edge of the large glaciofludal plateau lies at 
a height of 108 m. at Kuhala (28.) rising from there towards the north. The altitude of 
the central part of it is 110 m., and in the north there are some parts rising even 20 m. 
higher. At the village of Kuhala the distal part ends in a precipice, a small cliff, below which 
a gently sloping beach spreads out (29.). The altitude at the foot of the ancient shore here 
reaches 105.5 m. North of the second Salpausselka ridge, on Lake Saimaa, a large 
esker island, Venajansaari (30.} is situated the southern part of which is formed by an 
esker plateau. Its altitude is 107.0 m. The beaches surrounding the island are best de-
veloped on the eastern side. There are three of them, but no leyeJling was carried out 
in this area. 
Presentation of the ancient shore-lines 
by means of a distance diagram 
The correlation of the altitudes of ancient beaches can be compared and 
studied diagrammatically, either by using >>relative» or >distance>> diagrams. 
The former was used for the first time by V. TAXKER (1906, 1907), and during 
recent decades it has been used for interpreting larger areas of uplift. The 
latter method is better suited to the interpretation of beaches in smaller 
regions. In preparing the diagram it is taken for granted that the orientation 
of the land upheaval is well-known. In general, this is easily calculated from 
the change which has taken place in the altitude of a " ·ell-developed shore-
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line or from the results obtained from recent geophysical im·estigations. 
Adjusted to the desired altitude scale, the raised beaches measured at dif-
ferent points are projected on to a perpendicular line drawn against an isobase 
which connect two shores of the same height. 
Because of the small extent of the area investigated, the distance diagram 
was used for the interpretation of the shore-lines (Fig. 3) . A straight line, 
combining the best developed beaches of height at the 84 m., was selected as the 
basic isobase. This isobase is parallel with that of 80 m. on Suursaimaa 
(HELLAAKOSKI 1922) as well as with the extrapolated isobase curve of 30 m. 
of the Litorina Sea (HYYPPA 1950). It is also practically parallel with the 
shore-line isobases of the investigated area as described by SAURA)IO, (1958) 
and also with the directions of the 2 and 3 mmfy land upheaval isobases (KAA.-
RIAINEN 1953). The orientation of the 80 m. isobase, on the contrary, differs 
from the 4 mmfy isobase orientation by SIREK (1951), which in the area in-
vestigated is in the direction of NNE-SSW. 
In Fig. 3 I have used different symbols for all the beaches levelled in the 
investigated area. In addition to this, earlier determinations from southern 
Lake Saimaa have been included. In order to eliminate the possible errors 
in the shore-line determinations, the beaches were given as circles in the dia-
gram. The radius of the circle represents half a meter. 
Formations considered to represent synchronous shore-lines are depicted 
by a line or by a hatched line; a shore-line marked with a broken line is con-
sidered tentative. 
Conclusions about the shore-lines 
In the diagram (Fig. 3) five shore-lines, one underneath the other, are 
clearly distinquished. From the top they are marked with numbers 1-5. 
Compared with shore-line 5 the four others are sloping steeply. The 4th shore-
line represents two shore stages, 2 m . apart. As beaches lie so close to each 
other and are morphologically of the same type, there is good reason to pre-
sume that they were formed approximately during the same period. Because 
of this, the supposed stages have been marked by letters a and b , in which 
case 4 a indicates the higher and 4 b the lower shore-line. 
Due to their greater gradient the highest shore-lines can be regarded as 
considerably older than shore-line 5. Their greater altitude also indicates this. 
The gradient of shore-lines 1, 2, 3 and 4 a is 6. 1 m.f 'lO km., and of 5 only 
0.9 m/10 km. 
If these shore-lines are compared with the obserTations and investigations 
made by HELLAAKOSKI (1922, 1934) it is seen that in my system, shore-line 
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1 corresponds to his shore-line II , shore-line 2 t o shore-line Ill , 4 ab to IV, 
and shore-line 5 to the Suursaimaa stage. According to my levelling, however , 
the gradients differ from the values correlated by H ELLAAKOSKI in that the 
gradient values of the shore-lines 1- 4 on the average are 2 m. more sloping 
per 10 km., \Yhereas shore le,·el 5 by my measurments has a 0.2 m. smaller 
value than that of H ellaakoski. Tllis smaller gradient value suggests that 
shore-line 5 is younger than the Suursaimaa stage of H ELLAAKOSKI, which 
gradient is i.1 m./10 km. SCHJERFBECK (1925) determined the Suursaimaa 
gradient as 0.6 m. f10 km., a value however, which must be considered t oo 
smalL 
Further examination of the diagram sho\YS that the shore-lines 4 ab cross 
shore-line 5 between the isobases of 80 and 81 m. in the most southern part 
of Lake Saimaa. This being the case, the existence of the double shore, which 
was suggested in connection with the morphological interpretations of the 
beaches, is ,,;ell supported (investigation area 1) . Accordingly, the high terrace 
at 80.2 m., in its great size resembling the beach features of the Late-Glacial 
Baltic Ice-lake period was formed by both the older and the younger stages. 
SAt:RA:\IO (1940, 1958) identifies the Late-Glacial shore levels in the Lake 
Saimaa area with the earlier st ages of the Baltic. Their gradients as well as 
thei r altitudes agree with his relation diagrams and, consequently, can well 
be placed on a par with the geological history of the Baltic. However, the 
connection bet\Yeen the Late-Glacial shore-lines of south Saimaa and the most 
ancient stages of the Baltic has not yet been definitively stratigraphically 
proved, for which reason no final conclusions can be drawn. 
The theory that the highest shore-lines are not synchronous, expressed by 
RA)>ISAY (1924), receives visual support in the diagram from the inspection 
of the grouping of glaciofluvial plateaus. If we presume that the sand and 
gravel plateaus either grew up to the water level (SAURAMO 1928, RAMSAY 
1931) or were evened out by the \Yater (HYYPP.ti. 1951) it can be seen in the 
diagrams that in both cases as the ice retreated towards the north-east from 
the first Salpausselka ridge the surface of the water went down uninterruptedly. 
In addition to this, the plateaus of the first Salpausselka ridge can be seen to 
be aproximately on the same horizontal leveL A slight difference in height 
between the eastern and the western plateaus is a result of land tilting. On 
the other hand, the small high plateau of Voisalmensaari is at a lower level. 
The glaciofluvial plateaus of Heposalo and Jaubiala reach a level equal to 
that of the glaciofluvial plateau of :Jierenlabti . A corresponding ancient shore 
has been measured on Valkoinmaki hill in ] outseno. In this way the first 
uniform shore stage 1 was formed (B II by SAt:RA:\10 195 ). 
Shore stage 2 evolved a number of well shaped beaches in the southern 
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part of Lake Saimaa. This plateau meets the distal plateau of the second Sal-
pausselka ridge in the village of Kuhala. According to SAl.:RA~IO it is B III , 
the plateau corresponding to the second Salpausselka. 
Determined in two places there is an ancient shore-line below shore stage 2, 
which was probably a result of the same shore stage. On the basis of its altitude, 
this shore stage 3 is correlated with the Saaminki ice-lake levelled by HELLAA-
KOSKI (B IV by SAURAMO). Traces of this stage can be found in Kuhala and 
on Valkoinmaki. 
Shore stage !1 ab, the altitude of which corresponds to that of the Sai-
maa ice-lake of HELLAAKOSKI , appears in SAURAMo's relation diagram on 
level B V. Except in the southern part of the investigation area, it also forms 
a double shore in the northern part. Here, however, it has not merged with 
shore 5 but the shores appear morphologically synchronous. This theory of 
a double shore-line agrees with the determinations of SAL'RA::\10 ('1958). 
The altitude of the ancient shore of the Pre-Boreal Yoldia Sea has been 
established as 55 m. on the north side of the Konnunsuo bog (SAURAMO '1958). 
According to HELLAAKOSKI (1934) , his shore stage VI represents the Yoldia 
Sea, the gradient of which southern Lake Saimaa is 5.s m ./10 km. In his 
diagrams the shore-line of the Yoldia Sea crosses that of the Suursaimaa stage 
of the villages of Sarviniemi or of Kuhala in the parish of Taipalsaari , and a 
little farther south it slopes down under the surface of the present Lake Sai-
maa. It is not impossible that the Yoldia Sea, the level of which has long been 
established as was 28 m. below the distal levels of the second Salpausselka 
ridge, formed the shore features, difficult to date and situated between 0-
83 m. in Kuhala in the parish of Taipalsaari (investigation area 25). Also, the 
Yoldia Sea stage is probably reflected in the 79.1 m. shore-line, levelled on the 
shore of the Civil Servant's Holiday Village in Taipalsaari. By e.:..."tending the 
line symbolizing the Yoldia Sea level from the second Salpausselka ridge 
towards the southern part of the first Salpausselka, it becomes united with 
the 55 m. level at Konnunsuo bog, which is on a lower i obase. It can be 
assumed that during its maximum stage, the Yoldia Sea crossed the lowest 
threshold of the second Salpausselka ridge located between the Rastiniemi and 
Sarviniemi peninsulas. According to the hydrographical map of Lake Saimaa 
the sea did not rise higher at this time than to the deep depression of the 
islands of Iso-Jankasalo and Vihtasaari, as well as to the slightly lower depres-
sion between the islands of Karvasalo and Vitsasaari. So far, howenr, no 
marine deposit has been found from the neighbourhood of the second Sal-
pausselka. The key places for research are situated between the above men-
tioned peninsulas on the spot where a low bar almost links them together. 
By examining the hollows of southern Lake aimaa, it could be discm-ered 
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how far south the Yoldia Sea reached in the region of Lake Saimaa. This, 
however, would entail great technical difficulties. In any case, stratigraphical 
and micro-paleontological investigations performed between the two Salpaus-
selka ridges on the Lamminlahti bog in Kattelussaari, support the fact that 
the higher ancient shore-lines originated in the Late-Glacial period. According 
to these investigations, the high-wat er period of the Younger Dryas Period came 
to an end in a low-water period during zone stage III/IV (LAPPALAIKEN 1960). 
Apparently this indicates that the Baltic ice-lake discharged its water into 
the Yoldia Sea, although the previous research has revealed no marks of the 
marine influence of the latter. This being the case, the highest shore-lines of 
southern Lake Saimaa formed during zone I I I, which means that they are older 
tha11 the highest shore-lines found further north in the district of the town of K uo-
pio, dating from the period of zone I V (Dox:-<ER 1957). According to SAUR AMO 
(1940) the ice sheet was on the first Salpausselka ridge -660 = about 8900 
B.C. , whereas the discharge date of the Baltic ice-lake is 7900 B. C. Thus shores 
1-4 of Lake Saimaa formed between the years mentioned. 
Shore-line 5 forms a rather uniform plateau, the gradient of which was 
shown to be considerably smaller than that of the other shores. The morpho-
logy of this shore-line is clear as a rule , excluding the regions around the town 
of Lappeenranta, where shore-line 4 ab crosses it, and the village of Kuhala 
in Taipalsaari, where it is intersected by the Voldia shore-line. Generally 
speaking, the shore-line was formed e\·erywhere in southern Lake Saimaa, 
where loose deposits or stones were subject to waves or ice. The best for-
mations are to be found on the sides of the eskers. According to H ELLAAKOSKI, 
this ancient shore-line of the Suursaimaa stage evolved transgressively, for 
which reason all the older shores conred by the rising water in the Litorina 
Age, were deformed by it. Due to the considerable difference in the gradients of 
the lowest shore level and the highest shore-line stages, shore-line 5 can be con-
sidered to be a late P ost-Glacial shore-line. 
Above shore-line 5, in Kuhala, there is a 84 .1 m.-high cliff which does not 
join any of the previously mentioned shore-lines. In form, it corresponds to 
the ancient shore-line B IV of Sauramo. An upper shore-line, on the other 
hand, the height of which is 88.7 m ., does not correspond to any shore-line in 
the systems of either SAURAMO or H ELLAAKOSKI. This upper shore-line, how-
ever, cannot be considered as an actual shore-line, because a boulder-covered, 
gently sloping plateau, bending towards Lake Saimaa, ends in it . Shore de-
termination, using as a basis the lowest ice-pushed boulders only, has not 
therefore, produced any satisfactory result. 
Clear shore features a re distinguishable below shore-line 5, their size, 
howe\·er, not being comparable \"\ith that of the former shore-lines. On some 
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gently sloping fine sand beaches three ancient shore rims can be found, wave-
built ramparts of cliffs one below the other. These I have seen in Voisalmen-
saari, on the beach of the Holiday Village in the parish of Taipalsaari, in the 
village of Ilottula in ] outseno, on the islands of Kaitasaari, Listinginsaari, 
Suuri Lintusaari, and Kangas-Teljo. Shore levellings, however, were performed 
only in the three first mentioned places. Placed in the shore-line diagram, the 
uppermost shore-line immediately below shore-line 5 forms a line parallel 
with shore-line 5, but two meters below it. Two more shore bars or weak shore 
rims in Taipalsaari 3.4 m. and 5.s m., and in Voisalmensaari 2.4 m. and 3.s m. 
are visible underneath shore-line 5. The identical gradient of the upper shore-
line and shore-line 5 indicates that the age difference of these shore-lines is 
small, that is , they formed at about the same time. The shore-line immediately 
underneath shore-line 5 obviously developed during the relative halt occurring 
after a 1-2 m. regression. The weak shore marks below that may also have 
been caused by short halts with the exception of a shore-line at an altitude 
of 77.6 m. which may be a trace of the great flood \Yhich occurred in Lake 
Saimaa in 1890. 
Bogs 
Research methods 
In elucidating the ancient sea and lake stages mere shore-line investigations 
do not suffice, but as mentioned before, stratigraphical studies are also needed 
in order to date the shore-lines. By using the reference and distance diagrams, 
only the relative age of the shore-lines can be estabilished, whereas datings 
are not possible without other methods. Furthermore, the movements of the 
water-level are not always distinguishable in the shore-line diagrams, parti-
cularly in good-sized lake basins, such as in Lake Saimaa, where shore-lines 
intersecting each other were formed as a result of land tilting and of subsequent 
chang~s in overflow channels. Their age, as well as the order of their formation 
is in the last resort solvable only by means of beach sediments, and above all, 
by means of the stratigraphy of the shore bogs. These problems were worked 
out in Sweden at the beginning of the century (v. PosT 1909 and SA:l\"DEGREX 
1916), and it was proved then that it was possible to determine the condi-
tions characteristic of a particular place from the stratigraphy of the 
sediments found under the water-level, or near it. Thus these stratigraphical 
methods could very succesfully be used for investigating the fluctuations of 
the waterlevels. With the aid of pollen analysis the changes in the bogs could 
now be also linked together with events in forest history. 
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As has already been mentioned, this peat-geological method was used 
for the first time in Finland in order to elucidate the geological development 
of Lake Vanajavesi (AuER 1924). The influence of land upheaval upon the 
changes in water level at different points of the lake was solved at the same 
time, as well as the influence of these oyer the deYelopment of the shore bogs. 
Four years later, the history of Lake Hoytiainen \Yas explained by means 
of the same method (AuER and SAt:RA:.\10 1928), and at about the same time 
H ELLAAKOSKI (1928) published his dissertation on Lake Puulavesi elucidat-
ing the history of the development of that lake. 
On the grounds of previous investigations, the sediments are divided into 
limnic, telmatic and terrestic. Among the limnic sediments are included the 
glaciofluvial sediments according to AARIO (1932), as well as muddy clay, 
clayey mud, Detritus mud, accumulation peat, alluvial peat, Equisetum and 
Phragmites peats, and sometimes Carex peat, all of these being organogenic 
sediments. In addition to this, diatomite and certain chemically precipitated 
sediments are included in this category. Generally speaking, the grain-size 
of the muds, as well as that of the minerogenic sediments, gets smaller with 
increasing depth of the water in which they are laid down. 
Carex peat is classed among the telmatic peats, that is peats covered from 
time to time by flood. Bryales-peat and Erioplwrum-peat, too, can be included 
in this group. 
Terrestic peats include Sphagnum peat, forest and shrub peats, and some 
Bryales- and Carex-peats. Among the two last-mentioned peats intermediate 
types (e.g. L. v. PosT 1909: semiterrestic peats) can also be distinguished. 
Particularly in the Quaternary investigations of the Baltic, the degree of 
salinity of the water in which the sediment was formed, has also to be es-
tablished in addition to the verification of the stratigraphical changes dated 
by pollen analysis. Here diatom analysis takes the place of physical and chemi-
cal methods, because it is kno\m that many diatom species select their condit-
ions very carefully. For this reason , there are good index fossils for fresh and 
salty water as well as for brackish water. Even the telmatic characteristics 
of peat can often be determined with the help of diatoms found in it. In lake 
investigations the depth of the water, if it is not clearly revealed in the strati-
graphy, can also be determined with the aid of diatoms. These methods 
mentioned above will be utilized in this study. The most important question, 
however, is that of dating stratigraphical changes, and the method of doing 
this is examined more closely in the following section. 
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Pollen analysis and the zoning of the pollen diagrams 
In o rder t o combine the s tra t igraphical changes of bog layers and chronology, pollen 
an alyses were compiled for the area investigated and the resul ts were p resented in the 
form of diagrams. Im·estigation s h ave proved tha t certain similar ities appear in the pollen 
curves, p a rt icularly in the glac ia ted area as well as on it s sheet zones. It has been proved 
tha t in Scandinavia the composition of forest s h as greatly varied between the Late-Glacial 
time an d p resent Age It h as been concluded both from pollen grains and from macro 
foss ils that changes of climate have been the reason fo r these alternations. By using sta-
t istical pollen an alys is, a relative ch ronology, p articularly revealing with rega rd to the 
history of forest s, can be achieved . An attempt to combine this wit h the chronology of 
the varved clay layers gave the first succesful result in Sweden (LIDEX 1938, FRO)D11 938). 
an d consequently it was then possible t o est ab lish a more or less p recise tinting for t he 
occurrences. 
General ch anges in pollen curves have led t o t he so-called divisions of zones, severa l 
typ es of which are used. The zone div ision based upon the bot anical history of t he last 
Post-Glacial period in Denmark, is the best known of these in E urope {]ESSEN 1935, 
I VERSEN 1942, GODWIN 1943) . SAUR AMO {1949, 1958) an d DO:-."':\"R {1951) h ave applied 
it t o Finnish cond itions, us ing as a basis the d ivision of FIRBAS {'1949), and supple-
menting with the more det ailed division of I VERSEX {'1954) . In addit ion , t he changes in 
the curves could be checked chronologically with the C14 -method (LIB BY 1955), which 
with certa in reserva tions gives the absolute age d irec tly from t he organic samples. 
Among the most prominent pioneers in pollen ana lys is in F inland, firs t of all AUER 
{192 1, 1923, 1924) , AARIO ('1932, 1940) and HY\c'PPA {1932 a, b) and later on SAVRAMO 
{1949 , 1958) and D0.:-1:-IER {1951) should be m entioned . 
The P ost-Glacia l m acro- and micro-fossils of south-east F inland were used for in -
,·estigation b y AILIO {'I 915) for the first time in Finland in t he surroundings of Lake 
Laatokka . HYYPPA {1932 a and b , 194 1, 1942) later p ublished extensi,·e stud ies on the 
Carelian Isthmus rela ting t o the history of the forests. Do:-."':\cR ( 1 952) has p resented 
det ailed investigations on the n a ture of the history of the forests in the a rea of the town 
of H amina . 
From the area investigated no pollen diagrams were published before 
those of HELLAAKOSKI in 1936. Studies concerning the history of the forests 
in the same regions have been published by SAURAMO (1951, 1958), SALMI 
(1959) and LAPPALAINEN (1960 a and b). According to these it is evident that 
the curves of the arboreal and herbaceous pollen of the Late-Glacial sediments 
have similar characteristics to those found elsewhere in south Finland, but 
that the pollen curves of younger sediments possess characteristics typical of 
this a rea and greatly resembling the trend of the pollen curves of the island 
of Suursaari in the Gulf of Finland (SAUR.'I.;\10 1958). A clear relation between 
these and those found further towards the southeast in the surroundings of 
Leningrad (MARKOw-PoRETZKY 1935) and in Estonia (THo~SON 1929, 1935) 
is apparent. In this study special attention has been paid t o the pollen variat-
ions of the Post-Glacial period . For this reason, five comparative diagrams of 
Lake Saimaa and the mainland were compo~ed, in which, t aking into con-
sideration the eastern location of the area, the zone di\-isien by J ESSEN ( 1935) 
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was applied. On the basis of the diagrams, careful thought has also been given 
to the more precise zone division, so that the process of shore-line displacement 
of Lake Saimaa could be more closely attached to this division. 
In ]ESSE~'s zone division, applied to Finnish conditions by SAL"RAMO, 
zone I stands for the oldest treeless or sparsely-wooded period, the so-called 
older Tundra or Dryas period, a period which has not yet been found nor 
determined by pollen analyses in Finland in organogenic deposits. However, 
according to MoLDER, VALOVIRTA, VIRKKALA (1957) and Tv:\"I (1959), it has 
been found in minerogenetic deposits in southern Finland. 
Zone II is the middle subarctic period, called Allerod, at the same time the 
oldest birch and pine period. The Betula pollen curve is clearly higher than the 
Pinus curve. The pollen amount of herbaceous plants and shrubs ranges from 
40 % to 80 % · Salix and Hippophae are often found in the zone. 
According to KANERVA (1956) layers of this period have been found 
in northeast Finland and in the parish of As kola (Tvxxr 1959). From the Late-
Glacial layers of Askola TYNXI found Ephedra pollen. Chronologically, these 
layers correspond to the middle stages of the Late-Glacial period, when (accord-
ing to SAURAMO 1958) the ice-sheet retreated towards the Salpausselka ridges. 
The most positive layers of the Allerod period, however, have been found in 
East Carelia, outside the present boundaries of Finland (Do~xER 1951). 
Zone III represents the younger subarctic period, called the Younger Dryas 
Period. The increase of NAP, up to 150 %, and the decrease of the pollen-
density are characteristic of it. NAP pollen include Chenopodiaceae, Cypera-
ceae, Ericaceae, Empetraceae, Graminae, Cruciferae, Schrophulariaceae, Ranun-
culaceae, Rosaceae, Compositae, Salix and Hippophae. The appearance of Picea 
is typical for this period, whereas the greater amount of Pinus compared with 
that of Betula can be considered as a result of pollen being carried over long 
distances. The zone is part of the final stages of the Late-Glacial period and 
closely connected with the halting of the ice-sheet at the Salpausselka ridges 
between 9000 and 8000 B.C. (DOKKER 1951, KAxERVA 1956). 
Zone IV is the Post-Glacial, humid Pre-Boreal period. It is characterized 
by a great amount of Betula pollen , reaching up to 70-90 %· The pollen-
density increases a little and the amount of NAP is relatively high in the 
vicinity of the glacier. The appearance of pine pollen may be regarded as a 
result of long-distance transportation. In the upper part of the zone the amount 
of Pinus rises considerably. The occurrence of the pollen of Corylu,s and Ulmus 
is a typical phenomenon in Southwest-Finland. The zone can often be divided 
into subdivisions IV a and IV b . The zone is connected with the stage of the 
ice retreat about 7000 B.C. In the climatic history the zone boundary III/IV 
corresponds to the beginning of the Post-Glacial period. 
Zone V is the dry Boreal period, characterized by a sharp rise of the pollen 
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curve of Pinus. The pollen density is getting eYen bigger than before. The 
samples t aken sufficiently close to each other sometimes reveal changes in 
the quantity of P.int~s. According to this 3 subdivisions are distinguishable 
in the zone. The lowest one is Pinus-maximum \ "a, the highest, marked Ye, 
shows a similar maximum, but in the middle part, Vb, the amount of Betula 
is greater than that of Pinus. Corylus and Ulmus appear as curves of less 
than 10 %. and Alnus occurs in all sub-zones. The zone in question is below 
the rise of the uniform Alm~s curve. During the same stage decisive changes 
take place in the diatoms of the Baltic. The lake forms of the Baltic, which 
for some time was dammed up into a lake, changed into brackish water forms 
of the l\Iastogloia stage. In the absolute chronology the period is correlative 
to the year 6000 B. C. (FRO MM 193 ) . 
The oldest part of zone VI corresponds to the beginning of the humid At-
lantic period. It is characterized by the uniform beginning and the sharp 
rise of the Alnus curve. Changes appear in the curve of Betula, and P inus 
goes down. Corylus and Ulmns occur in the same amounts as in the previous 
zone. 
Zone VII is the youngest and longest of the stages of the climatic optimum. 
It is a humid Atlantic period of even temperature. The pollen curves cor-
respond to those of the previous zone. The uniform beginning and rise, of 
Tilia, and the sparse occurrence of Picea are t ypical. 
Zone VIII stands for the dry Sub-Boreal period. Same amounts of pollens 
are found than in the previous zone. In the west the uniform curve of Picea 
is low, rising slightly in the east, because spruce appears there earlier. In the 
younger part of the stage the curve of rare deciduous trees goes down. 
The youngest of the periods, zone IX is a humid and cold Sub-Atlantic 
stage, during which there is a general spread of Picea and Pinus. The amount 
of Betttla decreases and the pollen curves of deciduous trees drop down. 
Acquisition and treatment of samples 
In the beginning of the field work the samples were t aken with a Hiller borer with 
a chamber of o.n m. L atera piston sampler was used. Thus it was easy to remoYe a whole 
peat pillar , which was then wrapped in plastic bags. 
By using the time-saving KOH-method in pollen rich samples it was possible to iden-
tify easily destroyable pollen grains, such as those of Populus and jtmiperus. The peat 
types were determined in the field . Later on these determinations were checked with a 
microscope in connection with pollen counting. 
The samples were ex amined with 1- t 0 cm interYals and the number of arboreal pollen 
was generally 150-200 per sample. 
The pollen counts were presented in the fonn of a diagram, which has a special column 
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pollen (AP) are shown as percentages of the total amount , and on the right of these , Sa/ix, 
aquatic (AqP) and herbaceous pollen are presented in percentages of the total number 
of arboreal pollen. 
Rare deciduous trees , with the exception of Corylus, ha\·e a colunm of their own in-
cluding their total cun·e (QM). The indi\·idually identified pollen grains appear on the 
right of the diagram, either as such (St ) or as percentages of the total number of arboreal 
pollen. The last colunm (Total) gives the total number of arboreal pollen counted in each 
sample. Spores a re not usually shown in the diagrams. 
Pollen diagrams for correlation of the 
vegetational history 
Voisalmensaari, investigation area I 
In the chief a rea investigated, a bog in a kettle hole situated at the north 
end of the esker of Voisalmensaari, was chosen for the first diagram. Steep 
walls surrounding the kettle hole shelter it from the ·winds and its lowest 
threshold rises 4 m. above the mean level of Lake Saimaa. 
A series of samples (Fig. 5) were taken from the middle of the bog, 
\\'here the altitude is 76.2 m. , and the pollen examined at intervals of 5-10 cm. 
down to the silt bottom at a depth of 7.3 m. The bog consists of a 40 cm.-
thick layer of mud, covered by decomposed Sphagnum peat. At a depth of 
5-5.s m. in the Sphagnum peat, Carex peat materials are found at a depth 
of 5.2-5.4 m. In addition, at a depth of 2.7-2. m. and 4.4-4.6 m., a more 
decomposed Sphagnum peat layer is distinguishable in the bog profile. 
The lowest part of the pollen diagram is formed by a uniform Betula 
maximum which rises to 83 °~ . The rest of the pollen consist almost entirely 
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of pine, and other arboreal pollens appear only rarely. In addition to birch, 
Corylus pollen is also found and its amount increases in the upper parts of 
the diagram. In addition Ulmus and Tilia pollen occur in zone IV. The amount 
of herbaceous pollen remains around 10 %, thus indicating the predominance 
of forest. The paludification of the basin has taken place at a level where the 
Pinus and Betula curves intersect. The aquatic pollen disappear at this depth. 
The most prominent pollen at this level is Pinus, but every now and then 
Betula appears . The maximum of Pinus, joined by the rising Corylus curve, 
typical of central Europe, as well as the more abundant appearance of Ulmus, 
are characteristic phenomena of zone V. In the course of the counting of the 
pollen it was also obvious that the density of the pollen greatly increased 
compared to that of the previous zone. Alder and spruce pollen were found in 
small amounts, only 1 %-
The rise of the uniform alder curve is steep at a depth of 6 m. At the same 
time the Betula curve falls , whereas the Pinus, Ulmus and Tilia curves rise 
temporarily. These phenomena are characteristic of the zone VI period, the 
mild, humid climate of which made the ground water rise, thus causing a 
temporary change of terrestrial Sphagnum peat into telmatic Carex peat. 
During this period the Ulmus and Tilia curves are temporarily cut and the 
Corylus curve falls close to its minimum. The other arboreal curves remain 
unchanged. 
The uniform Tilia curve starts at a depth of 5 m. and a little higher up it 
rises sharply. This is characteristic of the beginning of zone VII, when the 
QM-curve also rises to its maximum, 8 %- Somewhat higher in the diagram 
the P.icea curve rises without a break. 
The rise of the Picea curve, which in Post-Glacial datings forms an im-
portant level , occurs much later in the Angermanriver in Sweden, 1000 B. C. 
(Lm:EN 1938). This represents zone IX. l\Iore recent investigations performed 
in eastern central Sweden, however, have given considerably earlier dates. 
According to these, the first maximum of spruce took place here in 2600 B.C. 
and the second in 1500 B.C. (FLORIN 1948). It has been known for a long 
time that spruce spread out to western Finland later than to eastern Finland 
(AuER 1928) . In western Finland the date of the rational pollen limit of spruce 
is 1800 B.C. (HYYPPA 1935b, 1950, VIRKKALA 1950) and in southern Finland 
a little earlier, corresponding to the latter half of the Litorina Age (HYYPP.~ 
1937). In the area of southern Lake Saimaa the generalization of Picea hap-
pened between 2500 and 2400 B. C. , which represents the middle of the Litorina 
Period (HELLAAKOSKI 1936). In the Carelian Isthmus (HYYPPA 1942) as well 
as in the surroundings of Leningrad (~lARKow-PORETSKY 1935) spruce became 
general during the first half of the Litorina Period. 
The somewhat earlier rise of the Tilia curYe, compared with that of Picea, 
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is the same as that in HELLAAKOSKr's diagram (1936) of southern Lake Sai-
maa. This can be considered as synchronous, because the rises in the dia-
grams of Likolampi in Taavetti and Pitkasuo in Viipuri (HYYPPA 1937) as 
wellas of Valkialampi, situated about 20 km. northeast of the town of 
Hamina (DONNER '1952) , are identical. 
During zone VII, Tilia and Ulm~ts reach their highest \·alues, 5 ~~ - Querws 
pollen, which in zone VI period appeared only once, is now found in slightly 
larger amounts. 
Zone limit VII/VIII is characterized by a strong fall in the Ulmus curve 
in Denmark and Sweden. Because this pollen appears rather scarcely in my 
diagram, this level cannot be used. It is true that from a depth of 430 cm Ulmtts 
falls, but only temporarily. The rise of Pinus, however, at the expense of the 
fall of Betula, exemplifies a dryer Sub-Boreal period. In the upper part of the 
diagram, birch no longer rises to 30-50 % , but gradually falls below 20% 
In southern Finland the sharp rise of the Picea curve as well as the break 
• in the curves of rare deciduous pollen can well be considered as marking the 
zone limit VIII/IX. Neither of these can be applied to this pollen diagram, 
because the rise of Picea is uniform, and even if the uniform curves of the rare 
deciduous trees are broken, they appear here and there as far as the upper 
parts of the diagram. The last mentioned phenomenon is to be regarded as 
typical of the area investigated, because rare deciduous trees were by no 
means destroyed here by the unfavourable Sub-Atlantic climate. Tiha, e.g. , 
is indigenous on Voisalmensaari, on many islands of southern Lake Saimaa 
as well as on the Lake Saimaa side of the first Salpausselka ridge, in the parish 
of Lappee, towards J outseno and Imatra as well as in many other places. 
The same also holds true of Corylus, which is found in the parishes of Lemi 
and Taipalsaari. Tilia is also common in the Post-Litorina period in the dia-
grams of south-east Finland by HYYPPA (1937) and DoXKER (1952) . The 
extinction of Tilia , indicating, according to HYYPPA ('1932 a) and HELL.<\A-
KOSKI (1936), the end of the Litorina period in southern Finland, cannot be 
considered as characteristic of theSub-Atlantic period in the area investigated. 
On the other hand, this very fact is well shown by the dominating rise of the 
Picea and Pinus curves. Pollen grains of Carpinus are found as well, their 
appearance being obviously caused by long-distance transportation. According 
to BRANDER ('1937 and 1938) Carpimts has not grown in Finland since the Ice 
Age, whereas it did occur there during the Inter-Glacial period. HYYPPA ('1935a , 
1937) and SAURAMO (1936) have found small amounts of it in the Post-Glacial 
sediments. Fossil Carpinus pollen are also known to have occurred in the 
Aland islands (BACKMAN '1 934). 
In the uppermost part of the diagram Picea drops sharply, obviously 
caused by effective draining, whereas Pimts rises 0\·er 0 °~. The amount 
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Fig. 6. Pollen diagram 2. \ "oisalmensaari , im·estigation area II. 
of NAP-pollen in the latter part of the Post-Glacial period is sparse, being 
less than 4 % of the total pollen sum. HO\vever, special kinds of pollen 
grains appear in zones VII and VIII , which gives reason to presume that 
Neolithic '!an has had his influence on the vegetation of the place (LAPPALAI-
KE:-r 1960 b). 
If the pollen diagram of Valkialampi, in Sippola parish, (Do:·mER 1952), 
is compared with the present one, it is obvious that the principal vegetational 
events are similar in both diagrams. 
Voisalmensaari, investigation at ea I I 
The southernmost bog situated in the esker of \ Toisalmensaari island, was 
chosen to be the second diagram (Diagram 2). This bog is located considerably 
above the present le\·el of Lake Saimaa, that is at an altitude of 84 m. 
3 
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The bog is surrounded by gentle esker slopes almost on all sides. Only in 
the northern end there is a depression. The gravel threshold is here at the 
same level as the centre of this small bog in a kettle hole . The samples were taken 
30 m from the north edge of the bog the bottom parts of which consist of 
clay and silt. The sediments changed into clayey mud at a depth of 680 cm. 
This is covered by Detritus mud, on top of which, was formed a layer of Bryales 
peat, as thick as 110 cm. Toward the surface it changes into Sphagmtm peat, 
containing two more decomposed parts, the first at a depth of 4-4.ao cm 
and the second at a depth of 3.Io-3.2o cm. 
The lower part ot the pollen diagram is dominated by a Betula maximum, 
below which there is also a maximum of herbaceous pollen. Plenty of Salix 
pollen also occur at this level. The amount of AP being rather low (60 %), 
only one type of pollen (Ericaceae) dominating, no definite conclusions can 
be drawn, as to whether the lowest part of the bog profile is connected with 
the younger Dryas period, zone Ill. 
The great Pre-Boreal Betula maximum having been brought to an end , 
the Alnus and Corylus curves rise immediately. Although the samples were 
taken at short intervals the Pinus maximum, characteristic of zone V, does 
not appear in the diagram. Betula still dominates and the Corylus and ulmus 
curves rise. If conclusions are drawn from these phenomena, it is evident that 
a considerable delay occurred in the accumulation and development of the 
pollen in the Boreal zone V period. As far as bog development is concerned, 
ground water conditions were unfavourable, due to the dry climate of this 
period, for which reason the accumulation of the mud was poor. 
Typical of zone VI in this diagram is the dominating position of birch 
and alder. Tilia pollen do not yet appear. 
The rise of the Tilia curve occurs simultaneously with that of Picea. The 
former makes a good contribution to the Ql\I-curve, the strength of which 
indicates a period of warmth. 
When determining the beginning of zone VIII, attention has been paid 
to the fall of the QM-curve. During this zone the other pollen curves of rare 
deciduous trees also fall , whereas that of Picea rises. 
The first Carpinus pollen grain belonging to this period, was found at a 
depth of 510 cm. It occurs more often on the zone limit VIII/IX and above. 
The break in the Ulmus , Tilia and Querws curves takes places simultaneously 
with the second sharp rise in the Picea curve. At the same time the Pinus 
curve reaches its dominating position, thus reflecting the spread of pine in 
this area. Because of the plentiful appearance of Picea pollen, it can be con-
cluded that the upper part of this bog belongs t o the Sub-Atlantic period , 
zone IX. It should be noticed, however, that detached pollen of rare deciduous 
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Fig. 7. Pollen diagram 3. Voisal mensaari , investigation area III. 
380 cm, a pollen grain of Fraxinus was found , and a pollen grain of Pinus 
cembra type at a depth of 560 cm. 
A diatom slide was made from silty clay found at the bottom of the bog 
series, the examination of which revealed a few diatoms worth mentioning. 
3 Synedra tabulata , 1 Melosira italica, some Pinnularia fragments and 1 Gram-
matophora oceanica were found at a depth of 695 cm. The first and the last 
of these indicate that the clay sediment formed in salty water. On the basis 
of these isolated finds, however, it is not possible to draw conclusions as 
to whether the water covering the esker kettle at that time was salty, or 
whether the diatoms were of secondary origin. The secondary position of the 
diatoms, however, t empts one to make comparisons with the Carelian sediment 
finding in the parish of J aaski, considered as Inter-Glacial by BRA.NDER (1937). 
Plenty of marine diatoms were found there, the previously mentioned species 
among them. If this is the case, the finer mineralogical sediments found in 
the esker kettle of Voisalmensaari, would be, at least partly, of Inter-Glacial 
origin , and thus the pollen included in the ground sediments would be partly 
secondary. 
Voisalmensaari, investigation area I II 
From the bottom parts of the center of the northernmost bog of an esker 
situat ed in Voisalmensaari, a third series of samples was examined to gain 
supplementary knowledge about the earlier history of the forest (diagram 3). 
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The bog consists of a 10 cm. thick layer of ooze lying on top of bluish silt 
clay and covered by a fine layer of mud 15 cm thick. On top of this there is 
a thin layer of Sphagmtm-Carex peat covered by a Bryales peat layer 40 cm 
thick. Higher up it changes into Sphagnum peat. 
The pollen curves of the diagram are clear and regular. In the bottom 
part of the pollen diagram the Betula curve diYides into two parts. The amount 
of the nonarboreal pollen in comparision with the arboreal pollen is however 
low, less than 40 %- It means that the lowest maximum of Betula belongs 
to the Pre-Boreal period. It is worth noticing the sparce but clear occurence 
of the Alnus pollen and also the sporadic finds of the P icea pollen. The upper 
Betula maximum ends with the Pinus maximum. Simultaneously the NAP 
curve falls below 5 °~ . With the rise of the P inus curve the amount of Corylus 
increases a little. 
According to the pollen diagram and to the stratigraphy, in this esker 
bog situated at the level of Lake Saimaa, the organic sedimentation began in 
the Pre-Boreal zone IV very near the zone boundary III/IV. The temporary 
rises of the curves of Alnus and Corylus may show a small rise of temperature. 
The bog formation started soon after the zone boundary IV/V. 
Polttimosuo bog, investigation area IV 
From the market town of Lauritsala to southeast there is a bog, which is 
formed in a low depression. Around it there is silty clay plains, from which 
rises up rock and moraine hills. According to the topographical map of the 
district the centre of the bog is at a level of 72 m. Here the depth is only 220 cm. 
(diagr. 4). 
The bog contained greenish fine Detritus mud on the sand bottom. It 
was covered by a layer of dark coarse Detritus mud, 40 cm. thick. The Carex 
peat layer at a depth of 175 cm. had accumulated on the mud. This peat has 
some Sphagnum from the depth of 155 cm. upwards. 
Higher up , at a depth of 130 cm., Carex peat again predominates, but 
from 125 cm. upwards, Sphagnum peat gradually begins to form the chief 
sediment of the surface part of the bog. 
A NAP-maximum, E-mpetrum pollen being its largest pollen group, do-
minates the lower part of the diagram. A little higher up , Betula forms 
a maximum, into which Pt"mts intrudes at an altitude of 165 cm. The uniform 
curve of Alnus rises at a corresponding level of 150 cm. Higher up, the curve 
of rare deciduous trees rises sharply, due particularly to Tilia . Just before 
the break in the QM-curve, Picea rises, becoming the dominating pollen in 
the upper part of the diagram. At a level of 35 cm. its maximum is 52 %, 
where it falls sharply towards the surface part of the bog, whereas Pirms rises. 
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Fig. 8. Pollen diagram 4. Polttimosuo bog. 
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On the basis of the characteristics presented abo,·e, the diagram can be 
divided into zones. According to these the lowest sand layer and Detritus 
mud formed during the zone Ill period characterized by the NAP-maximum. 
Salix rises here to 19 % · There is a sharp rise in the AqP-curve at the zone 
limit III/IV. Betula is the strongest representatiYe of the arboreal pollen. 
Remarkable features are the Alnus maximum of 7 % as well as the small 
occurrence of Corylus , T ilia and Ulmus. Also, in the lower part of the diagram, 
8 % of Picea was found. 
The greatest part of the coarse Detritus mud was formed during zone IV, 
characterized by the Bett4la maximum. That, ho\Yever, is lower than, e.g. , 
in Voisalmensaari (70 % ). This is a result of the relatively high P£nus per-
centage, which in this Pre-Boreal part of the Polttimosuo bog rises to over 
30 % · Thus there is good reason to believe that the Pimts pollen of this period 
represent the existence of a birch forest with pine in the vicinity of the 
bog. During zone IV Alnus and Picea pollen also occurred to some extent, 
and the last mentioned in particular, forms a low, uniform curve up to zone 
VI. An occurrence of Picea as early as this is typical of the Carelian, 
Isthmus (HYYPPA 1932 a) and of the vicinity of Lake Laatokka (HYYPPA 
1942) . Its Late-Glacial as well as Pre-Boreal position is rather strong even in the 
organic sediments in Carelia (BrsKE-GORJUNOVA-LACK 1959) and in the sur-
roundings of Leningrad (DOKTUROwSKY-A..'-.LJFRIEw 1931, :.IAR.Kow-PORETSKY 
1935) . Toward the east its position is getting still stronger (Don:.TUROwSKY 
1938), and here it forms a so-called lower maximum. Pre-Boreal spruce is 
scarce elsewhere in Finland in rninerogenic sediments (AARIO 1932, 1933. 
HYYPPA 1937, KILPI 1937, AUROLA 1938, SALMI '194 , VIRKKALA 1948 a and 
b, 1957, 1959, SAURAMO 1958 and KANERVA 1956), as well as in organo-
genic accumulations (VrRKKALA 1957). The Pre-Boreal pollen of spruce , found 
earlier in Kattelussaari (LAPPALAI!\E:-< 1960a), gives support to a conception 
that Picea has occurred in small amounts at that time not only on the moraine 
grounds of southern Saimaa but also on fa,·ourable growing places in the 
mainland. 
Zone V is characterized by a Pinus maximum. In addition to scarce quan-
tities of Alnus and Picea pollen, rare deciduous trees appear in the zone, 
among which the t ypical rise of Corylus in the beginning of t he period is worth 
mentioning. During zone V the formation of mud comes to an end in Polttimo-
suo bog. This manifests itself as the disappearance of aquatic pollen grains 
and as the formation of Carex peat, mixed abundantly with Cyperaceae and 
Graminae pollen. 
The beginning of zone VI is indicated by the rise of the Almts curve, the 
uniformity of which remains unchanged up to the surface deposits of the bog, 
but Betula dominates. The sudden rise of Tilia up to 5 % reflects the beginning 
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Fig. 9. Pollen diagram 5. ~[uukko bog. 
of zone VII, during which the Q~I-curve reaches its maximum. At the same 
time Alnus increases about 10 ~~ · 
The border of zones VII and VIII is not clear. The change seems to have 
been gradual. The rise of Picea and the temporary fall of Tilia, however, 
indicate a sudden change in vegetation, probably caused by a change of climate, 
colder and dryer than that of the Atlantic period. On the basis of this the 
zone boundary VII/VIII should be at the depth of 90 cm. 
At the breaking off of the uniform Tilia curve Picea has won a strong 
position in the forest and its curve is rising above all the other curves reaching 
its maximum of 52 % at a depth of 35 cm. Individual pollen grains of rare 
deciduous trees, e.g. Fraxinus , have been found not far from this spruce 
maximum. On the basis of their occurrence the zone limit VIII/IX could be 
at a level of 65 cm. in the diagram. In the surface parts of the Polttimosuo 
bog, the Pinus curve rises at the expense of the others. 
Muukko bog, investigation area V 
Topographical irregularities characterize the vicinity of the north side of 
a plateau situated in the proximal part of the Salpausselka ridge in theparish 
of J outseno. There are plenty of esker kettles, but they slope gently and are 
low. This, as well as the fact that the material here is coarse esker gravel, 
easily pervious to water, is the reason why strong paludification has not 
taken place in this area. 
About 300 m. north of Muukko station, however, there is a depression 
overgrown with Sphagnum. The altitude of the center of the bog, levelled 
from a bench mark nearby the railway, is 97.2 m. above sea level. To throw 
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more light on the earlier history of the forest, the fifth comparative profile 
(diagram 5) was taken in the watery center of the bog. 
The pollen diagram reveals that the first organic sediments wereo frmed 
at a time closely corresponding to the zone limit III/IV. At this time clayey 
mud was formed on top of sand lying on the bottom. The pollen in the clayey 
mud and sand consist mainly of herbaceous and Betula pollen. Since the amount 
of the first mentioned does not exceed 35 %, whereas the latter rises over 
80 %, organic sedimentation can be considered as having started in the Pre-
Boreal period. Before this, ice obviously covered the site, melting finally at 
the beginning of the above mentioned period. The formation of mud was 
very slow in the basin, which can be seen from the fact that immediately after 
the Betula maximum the uniform curve of alder rises, thus indicating the 
beginning of zone VI. Despite the short sample intervals it has not been pos-
sible to show the characteristic features of zone V in the diagram. The ex-
planation of this is that during the Boreal period, wellknown for its dryness, 
the ground water of the Salpausselka ridge remained so low that the basin 
was unfavourable for the growth of vegetation. 
During zone VI the surface of the ground water rose causing in its turn 
the formation of fine Detritus mud on top of clayey mud. However, the layer 
is thin, only 6 cm. Above that there is Bryales peat, covered by Sphagnum 
peat near the surface of the bog. 
The formation of Bryales peat begins immediately above the Alnus maxi-
mum. This is followed by the rise of the QM-curve and the fall of the curves 
of herbaceous and aquatic pollen. At the same time, this indicates the end of 
the growing-over of the bog. The simultaneous rise of the Tilia and Picea 
curves is worth noticing. 0? the basis of this fact , the zone limit VI/VII can 
be fixed here. The zone limit VII/VIII, on the countrary, cannot be decided 
definitely, because pollen have not been examined in the upper parts of the bog. 
The pollen diagram of Muukko bog is, in general, identical with diagram 2 
of Voisalmensaari. The two investigation areas are situated relatively high 
up, on top of the glaciofluvial formations , and in neither of them have 
characteristics t ypical of the Boreal zone been found . 
Diatoms on both sides of the contact between clayey mud and Detritus 
mud were examined (Table 1). A fact to be taken into consideration is that 
the diatoms in the clayey mud part belong to the Pinnularia family, whereas 
in the Detritus mud there are representatives of the families of M elosira and 
Sta'uroneis, the Pinnularias being in the minority. In this case, the diatoms 
are a good examples of the stratigraphy, because the Pinmdarias thrive well 
in muddy and acid water, whereas the representatives of the A1elosira and 
Stauroneis families thrive better in clear and deeper water (H uSTEDT 1930 a 
and b, .iVIOLDER 1955). 
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Depth in cm 
492 1, 95 
Cyclotella fragm. . . . . 2 
Cymbella Janceolata ............. ..... . 3 8 
sp. . .......... ........... . .. . ...... . 
Eunotia valida . . .. .......... . 
Frustulia rhomboides var. saxonica .. 
Melosira italic a . . . . . . . . . . .............. . 14 ~ 
Pinnularia gibba .. . ..... ... ... .... . ....... ... . ·1 
lata ........ . ... ............... . ... .. 
maior .... . .. .. ...... . ... ......... . 10 
nobilis ................. . .... .. . .... . 2 
sp. 12 
vi rid is .. . .. . . ...................... . 6 
var. intermedia . ....... . 17 ·tt. 
Stauroneis anceps ........... ...... . . .......... . 63 36 
-------
100 LOO 
Conclusions concerning the history of forests 
based on the pollen diagrams 
41 
The pollen diagrams, discussed above, from the area investigated, reveal the 
history of its forests as having both western, southern and eastern features. Never-
theless, they follow a certain regularity which gives good grounds for using the 
zone division. In addition to this there are peculiarities of the following kind: 
a. Alnus pollen occur at a primary stage as early as in zones I V and V. 
b. Ulmus seems to have appeared earlier than Tilia. It is found in small 
amounts in zone V, but its uniform curve does not start before the middle 
of zone VI. 
c. The uniform curves of Tilia and Picea pollen begin simultaneously on 
sand and gravel terrain. 
d. The clearly visible fall in the curves of rare deciduous trees indicates the 
beginning of the Sub-Boreal zone. This, however, can only be ascertained by 
performing investigations at short sample intervals. 
e. The very sharp rise of pollen curves is generally attached to the break 
in those of rare deciduous trees. On till terrain, however, this takes place as 
early as in zone VIII, but another vigorous rise is perceptible in the beginning 
of zone IX. Due to the easterly site of the area investigated, and consequently 
to the early spread of spruce, the zone limit VIII/I X here is chronologically 
older than the limit used elsewhere in southern Finland. 
f. Carpinus pollen grains have been found in zone VII, VIII and IX. 
g. Fraxin~ts pollen grains have been found in zone IX. 
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Stratigraphy of the shore bogs 
The I sland of Voisalmensaari, investigation area V I 
Suolahti bay, located in the southern part of the island, is extended by a 
longish bog, which continues submerged in the bay. This has been brought 
to light by my own borings and particularly well by the bottom drillings 
performed on this spot by the State Railways in the autumn of 1961. On 
the other hand, there are detached subaqueous peat formations (diagrams 
23 and 34, pp. 101-102) not belonging to the above mentioned bog. The 
center of the bog, extending towards the inner parts of the island, is dominated 
by Sphagnum, and densely overgrown with Ledum palz4stre. The bog has been 
ditched recently, and as a result of this, alders, birches, and some pines have 
taken root along its sides. On its eastern side there is an esker, whereas the 
west side consists of rocky till terrain. 
The altitude of the bog center is 78 m. The stratigraphy at this spot, is 
the following: 50 cm. of raw Sphagnum peat, 10 cm. of Carex-Sphagttum peat, 
30 cm. of Carex peat and decomposed Sphagmem peat, its lower part including 
a thin layer of dark lake mud. Below the mud there is fine sand (Diagram 6) . 
The pollen show that the bog originated at a time when rare deciduous 
trees appeared abundantly. A small amount of P icea occurs at the same time. 
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On the ground of pollen diagrams 1 and 2, both of which are from an area 
near the area investigated, organic sedimentation on this bog started in 
historical zone VII. A limnic mud layer formed at that time, which indicates 
that the place was covered by water. The bog will soon be overgrown, but 
it is continuously exposed to flood. During zone VIII the formation of Sphag-
mmt peat was interrupted and telmatic Carex peat was developed at thi.s spot, 
which at a depth of about 0.5 m., however, changes into sharply terrestric 
Sphagnum peat. At the same depth the pollen curves of all rare deciduous 
trees break simultaneously. From here towards the surface, Pinus rises sharply 
at the expense of Betula. On the basis of these phenomena, the zone limit 
VIII /IX has been fixed at this level. 
The weakness of the Picea curve compared v.·ith the other pollen curves, 
is a noteworthy feature in the upper part of thi.s diagram . The phenomenon 
might be local and caused by weak pollen production of P.icea or deterioration 
in growing conditions. A thi.rd factor might have been forest fire, which prob-
ably destroyed spruce in the vicinity. Such a factor has certainly had a decisive 
effect on the small amount of Picea pollen in the Sub-Atlantic period in Kon-
nunsuo bog (SALMI 1959). 
Old fire places have been found from the island, obviously dating from 
the Stone or Bronze Age. It is quite possible that the people of those times 
cleared forests. Thi.s presumption is also supported by the abundance of 
Ericaceae pollens as well as the finds of Artemisia, Rumex, and Chenopodiaceae 
pollen in the end of zone VIII. These special characteristics of diagram 6 can 
be compared to those in Denmark, where , with the help of microfossils, the 
effect of man upon the vegetation of hi.s time has been expressly studied 
(lVERSEN' 1941). 
In regard to the research problem of Lake Saimaa the bog investigated 
a rouses special interest, because it clearly indicates the development of the 
bog, especially of those as a result of the transgression. The boundary where 
Sphagnum peat starts overgrowing telmatic Carex peat and where the pollen 
curve of Ericaceae rises sharply indicates that a regression took place at that 
time. 
Voisalmensaari, Kariniemi bog, investigation area VII 
In the cove located at the southernmost tip of the island of Voisalmensaari 
there is a shore bog. A series of specimens was taken from its edge, above the 
level of Lake Saimaa. The series, from the top down, consists of 80 cm. of 
Equisetum peat, 80 cm. of Carex peat and 60 cm. of sand, mixed with silt. At 
the very bottom there is bluish, silty clay. 
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Fig. t I. Pollen diagram ; . Voisalmensaari, Kariniemi bog. 
The pollen in the samples (diagram 7) reveal that the sand on top of the 
silty clay was deposited at the time when the amount of Coryl~ts and Ulmtts 
pollen ranged from 2 to 3 % ·A quantity of 7-10 % of Picea was also found 
in sand. A comparison of this multitude with diagram 2 gives a result that the 
sand was formed at the end of zone VIII. At the upper edge of the sand layer 
Picea and Pittus rise while the curve of Alnus goes dO\Yn. These phenomena 
are comparable with those in the comparative diagram, from which it follows 
that the zone border could be drawn at this level. 
This being the case, the telmatic and limnic bog accumulations were in 
their entirety evolved during zone IX. The herbaceous pollen in the upper 
part of the diagram include a considerable amount of Graminae whose curve 
reflects the pollen production of the nearby reeds. 
In broad outline this pollen diagram of Kariniemi is similar to that of Lake 
Karenlampi, published by HELLAAKOSKI (1936) . The gentle rise and breaking 
off of Tiha is particularly clear at the level where the pollen of spruce reaches 
its highest count. This similarity indicates that the changes in the pollen curves 
of at least the younger sediments are analogous to those found west of Lap-
veden Saimaa, where Karenlampi is situated. 
A sand deposit, mixed with silt, is a littoral accumulation that in respect 
to the development of Lake Saimaa indicates a transgression. The upper edge 
of the sand layer reveals that a regression, took place at the end of zone VIII. 
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Fig. 12. Pollen diagram 8. Suolahti bog. 
Sand lying on top of the silty clay was carried there from the nearby till slopes. 
The limnictelmatic bog accumulation, oyer 1.5 m. in thickness , was evolved 
after that. The existence of such thick, subaqueous peat deposit , the lower 
part of which is telmatic, possibly indicates a new transgression in the Sub-
Atlantic period (see p. 101). 
Suolahti bog, inve~tigation area V I II 
In the village of Levainen, in Taipalsaari , there is a bridge spanning Maa-
vesi sound, attached to Lake Saimaa. About 1 km. north of this place there 
is Suolahti bay extending landward as a bog feature. A series of samples was 
taken close to a depression where the water of Lake Saimaa rises upon the 
edges of the bog during the flood season (diagram 8). At the time of boring, 
in September 1960, the place in question was being ditched which made it 
possible to study the stratigraphy of the bog both in longitudinal and in 
latitudinal direction from the cut of about 1 m. The samples were taken straight 
from the wall of the cut. 
The stratigraphy of the site, shows that on top of bluish, rather loose 
silty clay there is 15 cm. of sand, upon which the bog has developed. At the 
bottom, between sand Bryales peat there is a dirty sand layer of about 5 cm. , 
containing humus material and plants remains. A 35 cm. layer of Bryales peat, 
lying on top of this deposit , changes into telmatic Carex peat at the depth 
of 50 cm. At the changing level there is a sand layer of 2-3 cm., clearly 
distinguishable to the distance of some thirty or forty meters from the boring 
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place toward the centre of the bog. On the surface the Carex peat, is mixed 
with Sphagnum. 
The diagram shows that the development of the bog has taken place during 
a period when spruce was becoming general and the amount of rare deciduous 
trees is very poor. Here, as in Kariniemi (diagr. 7), the lowest sand layer 
appears to have been caused by a higher water level. Regression then carried 
the sand from the nearby gravel and moraine slopes to the lower planes. The 
thinner and darker layer in the upper part of the sand deposit contains humus 
and plant remains, borne by waves. The thin sand layer between Bryales and 
Carex peat consists of diatoms representing the Cyclotella, Melosira, Surirella, 
and Cymbella families. From their existence conclusions can be drawn that 
during zone IX the bog was covered by water. The flood , however, did not 
last very long. 
The pollen indicate that at the end of zone VIII the place started to become 
embogged as a result of a regression. Parallel with the Picea curve Alnus, 
too, is rising. The rise of Alnt~s indicates the nearby shore. 
The great amount of aquatic pollen in the upper edge of the lowest sand 
reflects the conditions during a low water stage. Here stratigraphy and pollen 
complement each other. Among the herbaceous pollen the abundance of Gra-
minae in the upper part of the diagram forms an interesting detail. A great 
part of these pollen are large types belonging to cereal pollen. These are found 
here and there for the first time at the depth of 30 cm. With these, Artemisia 
and Rumex occur simultaneously. The pollen mentioned above reveal that 
land clearing and farming were carried on in the neighbourhood. 
Shore bog of Suur-Suomensalo, investigation area IX 
The beautiful esker island, Suur-Suomensalo, is located north of the Pulp 
factory grounds, at the distance of about 2.5 km. from the mainland. In the 
east a branched little bay projects into the inner parts of the island forming a 
narrow, lagoonlike watercourse. The north shore of the bay is mud-bottomed . 
During low water, black lake mud and Detritus becomes uncovered over large 
areas. Boring, performed from a boat close to the shore, has revealed Detritus 
at the depth of nearly three metres. Only after this is there sand. 
The sample series (diagram 9) consists of 10 cm. of shore peat, containing 
mineral particles, and, covering this, of a coarse Detritus layer of 35 cm. This 
is covered by a thick fine Detritus layer of over 1 m. , on top of which there 
is 1.5 m. of water. 
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Fig. 13. Pollen diagram 9. Shore bog of Suur-Suomensalo. Anal. by H. HvvA.RI~E~. 
On the basis of the pollen finds it can be considered that the development 
of t he bog started during zone VII, at the beginning of the gentle rise of Picea. 
Inference from the rise of Alm"s probably indicates the beginning of zone VI. 
Fine Detritus mud above 250 cm. formed during the time when no greater 
changes took place in the pollen. 
In the upper part of the Detritus layer, at a depth of 190 cm. , the Piceacurve 
starts rising gently. A little before this the QM-curve begins to fall. The Sub-
Boreal period is reflected in the rise of Picea and in the fall of Betula and Alnus . 
However, the border between this period and zone VII is difficult to determine 
because of the even form of the curves. But it is obvious that no Detritus 
was deposited there in the Sub-Atlantic period. 
The stratigraphy of the shore bog of Suur-Suomensalo reveals that water 
flowed over into the esker depression at the beginning of zone VII , or maybe 
as early as zone VI, at which time the level of the water was 73 m. The flood 
was clearly intensified during the zone \ ' Ill period if conclusions are drawn 
from the fact that fine Detritus mud was formed upon coarse Detritus mud . 
The Jack of Sub-Atlantic deposits indicates that the sedimentation mentioned 
above could not happen during that time. 
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Fig. '14. Pollen diagra m 10. Luhtalampi pond . 
Luhtalampi pond, investigation area X 
During the spring of 1958 a series of limnic sediments was sampled from 
Luhtalampi pond, at that time still covered with ice. The pond is situated north 
of the village of Rutola, on the western side of l\Iarb.lanlahti bay, and sur-
rounded by bogs. During high water Lake Saimaa is in immediate connection 
with Luhtalampi, whereas during low water an embogged isthmus prevents 
water from flowing into the basin. Even then there is at least 1. a m. of free 
water in a narrow channel which connects this small pond with Lake Saimaa 
and is covered by a Sphagmtm peat raft. By sounding from a boat, subaqueous 
mud and ooze has been found at a depth of nearly 3 m. 
Luhtalampi is filling up by peat, and in its centre there is a large a rea of 
free water. Measured from the clayey bottom, the stratified sediments of the 
pond contain 20 cm. of fine Detritus mud, 30 cm. of coarse Detritus mud or 
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shore peat and again 130 cm. fine Detritus mud. The altitude of the surface 
of the fine Detritus mud deposit, measured from the ice, was 140 cm. 
The pollen diagram (Fig. 14)is regular and easily comparable with diagram 1. 
Organic sedimentation in Luhtalampi has started in the beginning of 
zone VII, at the time when Pinus was still growing on the place. During a 
strong transgression Pinus yielded and the shores became wooded by Alnus. 
Before the strong rise of the curve of rare deciduous trees there occurred a 
slowing down or halt in the flood , during which time coarse mud resembling 
shore peat was formed upon fine mud. In the middle of the zone the curve of 
rare deciduous trees rises sharply. A slight rise of Picea indicates the closeness 
of the Sub-Boreal period. At the same time Alnus falls and Pinus rises. The low 
stage of Picea, however, indicates that the upper part of the fine muddy layer 
also belongs to zone VIII, although to its latter part. At the place which forms 
the centre and the deepest spot of the pond, no sedimentation worthy of men-
tion has happened after zone VII . 
According to the stratigraphy the organic sedimentation has started in the 
\·ery beginning of zone VII, the water level having been about 73 m. at that 
time. The transgression of Lake Saimaa gathered fine mud on the spot, and 
during the short halt mentioned aboYe, it was changed into coarser mud. 
Before the middle of zone VII the flood gained strength, which situation was 
effective until the latter half of the zone. The stratigraphy of Luhtalampi does 
not tell precisely when the flood comes to an end. 
V oipionl ahti, investion area X I 
About 2 kilometers to the south-east of the village of Taipalsaari, there 
is a bay that opens up towards the east at J auhiala. The deepest part is in 
the south, where the bay raches a depth of 15 meters . The shores of the bay 
are covered with thick reeds. A small bog can be found in an esker kettle at 
the narrowest ridge connecting the islands of Jauhiala and Kirkkosaari, at 
the point where the road makes a sharp curve. The bog extends west towards 
Lake Saimaa and, further on, in the bay belonging to the Voipio estate, be-
comes subaquatic. This small part of the bay resembles a shallow basin which 
silts up on the island of Etelii.saari nearby. Here there is a gravel threshold on 
which there was O.s m. of water on the boring day. The threshold was 74.o m. 
From the middle of the bay, a series of samples was bored for closer in-
Yestigation (Diagram 11). This series of samples consists of organic deposits 
125 cm. thick lying on a sand bottom. The bottom part, 10 cm. of Carex 
Phragmites peat, contains fe"· mineral particles and diatoms. This layer is 
covered with Phragmites peat 10 cm. thick, "·hich is followed by a layer of 
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Fig. 15. Pollen diagram. 11. Voipionlahti. 
half a metre of Sphagnum peat. On this layer there is a thin layer of greenish 
Detritus mud. 
The pollen diagram drawn up on the basis of these deposits shows that the 
bog formed at a time when the quantity of rare deciduous trees was small and 
Aln·us pollen scarce. According to diagrams 1 and 4, this time belongs to 
zone V. Limnic Carex-Phragmites-peat indicates shallow water at that time, 
and in Voipionlahti it was at about 72-73 metres. The Phragmites-peat Alnus 
pollen curve rises and the Gramineae pollen curve reaches its ma..""\:imum, 75 ° 0 . 
During zone VI the Gramineae pollen curve fell, " ·hich can be interpreted as 
shore reeds shifting landwards. The rise of the Tilia pollen curve and the rise 
of the low Picea curve are almost simultaneous. In forest history, this e\·ent 
belonged to zone VII, when the gwwth of Sphagmm~ peat, which started a 
little earlier, continued. It did not stop until the level where the Picea curYe 
rises rapidly from its low position. The Pinus pollen curYe rises simultane-
ously, when other curves, however, fall and the curYes of rare deciduous trees 
break altogether. These variations in the pollen curves a re characteristic of 
the zone change VIII/IX. 
The bog profile of Voipionlahti indicates changes in the " ·ater level of Lake 
Saimaa during the Post-Glacial period. The profile clearly reflects a low water-
level and a slow transgression during zone\-. The real transgression of Lake 
Saimaa in the warm Atlantic period caused a grmYt h of phagm~m peat. 
On a place favorable to this growth , the transgre sion could not rise above 
.-\CT.-\ BOT.-\NICA FENNICA 64 51 
Fig. 16. Pollen diagram 12. \"oipionlahti. 
the bog level during zones VII-VIII until close to the zone change VIII/IX, 
when fine Detritus mud started to form on the bog. In Finland one can find 
these kinds of shore bogs, grown during a transgression, especially on the shores 
of Vanajavesi, which V. AUER (1924.) has investigated in detail. 
V oipionlahti, i1westigation area X I I 
By boring from a boat, subaquatic peat also found was south of the gra\·el 
threshold, towards the deep water. A series of samples (diagram 12) were 
taken from the threshold, about 50 m. east, towards the open bay. It consists 
of 45 cm. of peat and mud, under which there is loose silty clay. The bottom 
part consists of Phragmites peat where, a few diatoms belonging to the Surirella 
family can be found. This layer is 25 cm. thick. It is conred by two or three 
centimeters of Sphagnum peat on which there is coarse limnic mud. At a 
depth of 365 cm. it turns into 10 cm. of fine Detritus mud, containing mineral 
particles. There is over 3.s m. of water on this subaquatic shore bog. 
The pollen diagram indicates that Phragmites started spreading on this 
spot at a time when there was plenty of Tilia pollen and after the beginning 
of the Picea curve. In forest history this time belongs to zone VII. During 
zone VIII, when the Tilia and Ulmus pollen curves fall and the uniform Picea 
curve rises from its low position, Phragmites peat turned into mud, which 
marked a change in the stratigraphy. The \\"ater rose so much at this point 
that the Phragmites had to retreat landwards. Even in the coarse mud one 
can find plenty of Cymbella aspera, a diatom characteristic of deeper water. 
In the fine Detritus mut there are quite a number of species representing 
families such as Cymbella, Melosira, Stm~roneis, and Diploneis. In addition 
to these, representatives of the Pinnularia family have also been found in the 
topmost sample. The diatoms indicate the existence of deep \Yater in zone VIII. 
The fact that Pinnularia diatoms appear in the topmost series of samples 
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Fig. 17. Pollen diagram 13. Voipionlahti. 
is a sign of the regression of water. Among the rare pollen, Typha may be 
mentioned before others. A small quantity of it can be found at depths of 
390 cm. up to 375 cm. 
Voipionlahti, investigation area X I II 
About 20 m. from the previous boring place towards the deep water, 
organic accumulations were found lying on a mineral bottom. By boring from 
a boat, subaquatic peat was found as deep as 420 cm. (diagram 13). 20 cm. 
of peat covering the sand, ''vas bored for pollen analysis. This thin layer con-
sists of 15 cm. of Equisetwm peat, covered by a thin layer of Sphagnum 
peat. 
At the contact between the sand and peat, the lo"·est place investigated, 
the quantity of pollengrains is very small. It increases rapidly, however, 
t owards the upper parts of the series of samples. Most of the pollen between 
the sand and peat consist of pollen grains of herbaceous plants, such as Gra-
mineae and Cyperaceae, but some pollen grains also represent the following 
families, listed in order of quantity: Ericaceae, Chenopodiaceae, Rosaceae, 
Artemisia, Rumex, and Plantago. Triglochin , Nt~phar, and Typha represent 
aquatic plants. 
Betula pollen and the large quantity of NAP indicate that Equisetum 
peat was formed in zone IV. This pollen diagram illustrates well the small 
quantity of Salix. Ulmus , and Corylus pollen, which is typical of this 
period. The thin layer of Sphagnum peat also belongs to zone IV. 
According to the stratigraphy, limnic shallow water peat formed in Voi-
pionlahti in the middle of zone IV. This also signifies that the water level of 
Voipionlahti was then approximately 71 m. Later on it may even have been 
somewhat lower. At the end of this zone, Sphagmtm peat developed 
here but, its growth stopped for a while at the yery beginning of zone V. 
This indicates the transgression of Voipionlahti, " ·hich can be clearly seen 
in the preceding profiles. 
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Lamminlahti bog, investigation area XIV 
In the northern parts of the island of Kattelussaari , there is a small bay 
that reaches the central part of the island. There it expands, forming a larger 
bay. The opening that connects it with Lake Saimaa is 5-8 m. wide at the 
narrowest point, and here the depth is 4-4.s m. The shores of the bay are 
embogged. At the head of the bay there is an especially wide shore bog. 
The place is sheltered against the abrasion of the waves, and therefore 
it is especially suitable for the study of the changes in the water level of 
Lake Saimaa by means of bog stratigraphy. The low threshold leading into 
the bay confined the investigation to such movements of the water surface 
as occurred above the level of 72 m. I have examined the development of the 
shore bog before (LAPPALAI::--rE~ 1960a) as a preliminary study in connection 
with the thorough investigation of southern Lake Saimaa. Because of the 
scarcity of material, the zone division presented in the above paper cannot 
be considered as reliable, although it was based on acknowledged sources. 
More recent study shows that Kattelussaari seems to have a rather independent 
historical development of ~he forest, which approximately corresponds to 
the general idea I got from the area of investigation. 
As to the exceptional features of the pollen profile (Diagram 14) it should 
be mentioned first that the beginning of Tilia, which in most profiles occurs 
at the same time as the rise in the Picea pollen curve, was simultaneous with 
the rise of Alnus. The pollen curves of other rare deciduous trees are so uneven 
that a zone division cannot be based on them. Let us therefore examine only 
the general features shown by the diagram. At the bottom of the diagram we 
see a strong AP maximum, which is typical of zone Ill. In this connection 
there is a large quantity of Artemisia and Salix . The Pre-Borealic zone IV 
is divided into two Betula maximums. It ends with a continuous high Picea 
pollen curve. The period belongs to zone V, during which the pollen grains 
of rare deciduous trees were scarce. The rapid rise of the Almts pollen curve 
marks the beginning of zone VI. At the same time the mixed oak forest curve 
reaches its first important maximum. 
Zones VII and VIII are characterized by a high Q~1 curve, which slopes 
gently down during zone VIII. Simultaneously the quantity of spruce pollen 
is approximately 10 %· The disappearance of the pollen of rare deciduous 
trees and the strong increase in coniferous trees signify the beginning of zone IX. 
From the bog profile discussed here I have examined the diatoms 
(Fig. 18, tables 2A and 2B). In the Post-Glacial part of the series, they were 
studied at long intervals, but in the lowest part, belonging to zones IV and Ill, 
at shorter intervals. By using a phasecontrast microscope and getting power-
ful enlargements I have tried to identify even the smallest diatoms as carefully 
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at possible. This accuracy proved to be \·ery fruitful, especially with rega rd 
so the bottom parts of the series. As ''"e shall find later on, by connecting 
diatoms living in certain conditions ~Ye see that the diagram illustrate how 
the changes of species reflect the changes in the water level. 
In the upper part of the series the diatoms are numerous and very much 
a like. Particularly Fragtiaria, Melosira, Navicula, and Pimwlaria show 
TABLE 2A. 
Diatoms from the Lamminlahti bog 
Achnanthes flexell a .. . .. . .. ....... .. .. ... . ... . 
Amphora ovalis var. libyca .. . ... . ..... .... . . 
Anomoeoneis follis . . .. . . . . . .. ... . . .......... . 
Caloneis alpestris . .. ... . .............. . ... . .. . . 
obtusa .......... . ..... . . .. .. . ..... ... . . 
silicula ...... . . . ....... . .... . . .. ....... . 
Cyclotella bodanica ... ... . ... ............. ... . 
comta ........ . ........ . . ..... ..... . 
meneghiniana .......... .. . . ...... . 
kiitzingiana .... .. .. ..... . .. ....... . 
stelligera ........... .... ... . ....... . 
Cymatopleura elliptica ..... . .. .... . . ..... ... . . 
solea .......... .... ...... . ..... . 
Cymbella sp ... ....................... . ........ . . 
aspera ............................. . 
cuspidata ......... .. ..... ... ....... . 
parva .. . . ... . .... .. . . .. .. .. .. ... . ... . . 
turgida ......... . . .... .. . . . .. . .. . .. . . 
Diploneis elliptica .. . .. . .......... . . ... ........ . 
finnica ... .. . . .................. .. .. . 
ovalis .... ................ . ........... . 
Epithemia sorex . . . . . . . .. .. ..... .... ....... .. . 
turgida . . . .... .. . .... ..... . ...... . .. . 
zebra var. porcellus ....... . ... . 
Eunotia sp. 
pectinalis ,·a r. minor ..... .. ... .... . 
robust a var . tetraodon .......... . . 
valida .......... ..... ... . . ............ . 
veneris .. . .................. . .......... . 
Frustulia rhomboides ,·ar. saxonica ..... . 
Fragilaria sp. . ............................... . 
Gomphonema acumin atum .. . .. ............ . 
var. coron ata 
constrictum 
Depth in cm 
140 160 200 210 230 




ACT A BOT ANI CA FE.l\TKI CA 64 
Gyrosigma a cuminatum . . ....... . .......... . 
Hantzschia amphioxys .. ........ . ............ . 
elongata ... . . . .. .. . . ........... . 
Melosira ambigua ............................ . . 
distans .......................... . .. . 
granulata 
italic a ... ..... ......... . .. . .. .. ....... . 
* var. valida .. . ............ .. . 
islandica ssp . helvetica .... .. . .. .. . 
undulat a var . normannii ........ . 
west ii . .. .. . ..... . ........ . .......... . . 
Navicula american a ... . . ... .... .. .......... . . . 
anglica ............ .... ............ .. 
cocconeifor m is . . .... . . ... . ........ . 
cuspida t a ............... .... ...... .. 
pupula ... .. . .. . . ................ . . .. 
r ad ios a 
viridula 
var. capit a t a ........... . 
var. rect angularis .... .. 
Neid ium sp . ................................... . 











irid is .. .. . . . . . . . . . . . . . . . . ... ... . . . . . . . 5 
sauramoii .......................... . 
Opephora m arty i ....... . . .. .................. . 
P innularia sp . .. ............................. .. 
dac tylus . ..................... . . . . . 
divergens .. . ..... . ................. . 




nobilis .. .. . .................. . . .. . . . 
Rhop aloidia gibba ............................. . 







phoenicenteron ............... ... 13 
smithii . ............................ . 
S tephanodiscus astraea 
Surirella elegans 
robust a 
Synedra ulna ...... . ..... . ......... ........ . .... . 
Tabellaria fenestrata .... . .. ........ .... . .. .. .. . 
flocculosa ........ . . . ......... . .. . . . . 
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TABLE 2B 
Diatoms from the Lamminlahti bog 
Zone 
IV III 




0 C'") 0 ..-: 0 0 c 0 
0 e-o C'l 
"'"' 
<" ..,. 
""' "' " 
"" "" "" "" 
Achnan thes linearis ............ . ..... .................. . . .. .. - 1 
Anomoeoneis sphaerophora var. brachysira .. . ...... - 3 
Asterionella form os a ................ ....................... - 1 
Caloneis bacillum .. .............. .. .... .... . .. ........... .. I 
s ilicula 5 2 6 2 
var. jenissejensis ..................... - - l 
var. truncatula ....... ................. - 2 3 
Cocconeis placentula .................. ..... ... ............. - l 
* var. linea ta 2 11 9 3 
Cyclotella comta ... . .. ............... .... ............... . ... . 
quadriinncta . . . .. .. . . . . . . . . . . .. .. .. .. . . . . . . . . . . . 2 
Cymbella affinis ..... . ........... ... ... .. .................... -
aspera ...................... ....... ....... ......... 1 2 
cuspidat a.......... . . . ............. . ............... 3 2 2 
gracilis 2 2 4 6 
hebridica . : . ..... ...... .............. .............. - 4 
heteropleura var. minor ..................... -
hybridica . . ............... . ... ...... ............... - 5 
lacnstris var. turgid a ........... .. .............. - 9 
lata ........... . ................. . .................. -
naviculiformis ....... .................... ....... .. - 2 
p arva ... . .. ... .... . . . ............................. -
perpusilla . .. ................................... . 
prostrata ............... ................. . ....... .. 1 
pusilla ...... .. . . .. .................... . ............ - 2 
turnidnla ......................................... . - - I - 2 
turgida ............................. . ....... . ....... - 5 1 
turgidula ........... .... ....... . ..... . .......... .. . - 2 
ventricosa ................. . ................. .... - 2 
Diploneis elliptica 4 4 
var. ladogensis .................. ... - 4 
manlerii . . ......... .. ............. .... ..... . ..... . I 
puella ............. . ............ . .................. --
Epithemia argus var. longifonnis ..... ........ ........... - - -
zebra var . porcellus ...................... .. ... -
Eunotia arcus ................................................ -
var. bidens ................................. - 2 
diodon ................ ..... ........................ - 7 16 3 3 ~ 6 3 
faba ...... .. ........................................ - 3 5 
fallax .......... . .. ................................... -
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Zone 
I\" III 




flexuosa · ··· •oo ooo • ·o· ·· ············· ···· ··· ······ · ··-
gracilis ······ ···· ··············· · ·· · · · ······ · 0 ·· · · · ·-
0 
22 
monodon ............. .... ... . . .... .......... ... ... 2 5 1 
L'"> 
pectinalis var. minor ....... ....... ...... ....... - :! 4 
fo . impressa . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
var. minor fo. intermedia ..... . ... -
yar. ventralis .......... ... ..... ... . . . -
praerupta ....... . .. . . ............ .. . . ... oo oo ooo· ... 20 




var. bidens ..... •o •o•• .••. o• • .••.•.• . . - 3 
robusta va r. tetraodon . .. ...... •oooo••o •• · . ... 5 
valida · · ······· ········ ······· ooo •o• ··· ...... . .... . 
veneris 
Fragilaria crotonensis .... . ........ ...... . . . .. 0 • • 0 • • • • ••• • • • • -
Frustulia rhomboides .. ....... . . ............ ........ . o o o o o o. -
• 
vulgaris 
var. saxonica . . .... .. ......... .. .. -





Gomphonema acuminatum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 3 5 2 
var. brebissonii ......... -
constrictum 
gracile . .. . .. . . . ..................... . . . . .. ... -
var. lanceola t a ........ . . . . . ..... -
longiceps ............ ......... ...... 0 • • o ..... -
var. subclavata .............. . - 2 
parvulum var. subelliptica ... .. .. . .... -
subtile ................... ... . ...... . ....... . . - 1 
var. sagitta . . . ..... ......... ... ... . -
Gyrosigma acuminatum ........ . . .. .. .. .................. .. -
Hantzschia amphioxys ........ . .. ............. o • ••• •• ••••• -
l\Ielosira granulata ............ . . . ............ ...... . ........ -
ita lica ................ .. . .. ... . ... . . .. ............. 10 
Kadcula amphibola ........ . ............. ..... 0 ........... -
bacillum ............................... ....... .... -
cryptocephala var. intermedia ..... . ......... -
cuspidata . . . . . . . . . . . . . . . . . . . . .. . . . . . . .. .. . . . .. . . 1 
h asta . . ............... ooo ooo· ... o . . . .. . .. ..... . o ... .. -
pupula ..... . .................... .... ...... .. ...... . 
var. capitata ........................... -








L'"> 0 0 0 0 
M ,,., <0 I' 
... ... ... 
6 
5 3 10 
2 
4 2 










radiosa ....................... .... . ................ . 5 28 43 23 5 9 5 
subtilissima .... . .... ... . . ... .. .................... - 2 
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z 0 n e 
IV III 
Depth in cm 






"" · ~ ..,. ..,. ..,. ..,. ..,. ..,.
Neidium affine ........ ........ ........... .......... ........... - 2 
iridis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
var. ampliata 
··· ··················· ·· ······ 
dilatatum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -
kozlowii var. elliptica ...... .. ......... ..... .. 
productum 
···· ·················· ················· 
., 
sauramoii 
···· ············ ········· ·············· 
3 2 
Nitzschia acuta .................... .... ..................... -
angust ata var. acuta .. ..... .. .................. -
heufleriana 
······ ················· ········ ········ 
-
Pinnularia appendiculata 
························· ·· ······ 
-
~ var. budensis 
··············· 
-
braunii var. amphicephala .............. .... - 2 
brevicos ta ta 
·························· ··· ···· ··· 
- 14 33 2 2 
cardinalis 
····· ········· ··· ·················· ··· · 
-
crass a 
········· ·············· ············ ······ · 
dh·ergens 
·· ···· ················ ······· ···· ······ 
-
gentil is .................................. ........ - 2 
gibba 
········· ····· ·· ······ ··· ····· ·· ······ ···· ·· · 
-
fo. subundulata ................ ... .. ... -
hemiptera 
········ ··· ········· ··················· 
4 2 6 5 
macilenta ..... ...... ..... .... ................... - 1 
m aior .... .............. .... .................... 2 3 
lata ................................................ -
mesolepta ......... ... ............. .. ....... .. ... 3 5 3 2 2 2 
fo. angusta • • • • • • • • • • • • • • • • • • 0 • • • • • - -
microstauron 
··· ·············· ················ 
nobilis .......... ... ....................... .... .. 4 4 3 
polyonca 




············· ················· ·· · 
- -
streptoraphe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -
viridis 
················· ···· ·· ··· ···· ············ 
2 
fragm. 
············· ·· ··········· ·· ·············· 
3 
Rhopalodia gibba 
··················· ······ ········ ········· 
& parallela 
····· ··· ························ ···· ·· · 
-
Stauroneis phoenicert teron ................ .. ............... 2 9 11 4 5 4 6 
anceps 
·· ··············· ······· ··· ······ ········· 
4 2 4 7 2 1 2 
fo . linearis 
········· ····· ···· ········· 
• fo. gracilis ······· ····· ··············· - 2 
Surirella robusta 
························ ···· ·· ········ ······· 
- -
Tabellaria fenestrata 
····· ···· ················ ·· ········ ·· ·· 
9 3 2 3 1 3 4 4 
flocculosa 
··· ·· ········ ························· · 
3 2 2 
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1 . - £piphyft:s 4. ~ £un/:T1oc;1nd Pinnulorio 
2. D &nlhas dtolo"'s 5. - Cymbello 
6. - Gyll).sit;mo ocumin::Jium 
Fig. 19. Diatoms. Lamminlahti bog. 
a great variety of species. It is significant that the so-called great lake forms 
of the diatoms appear together with the small lake and pond forms in even 
small quantities throughout the " -hole series. Such forms are. Amphora oval is 
yar. libyca and Cymbella aspera. Because a strict definition of species has not 
been done in all the families between 140-280 cm., the diatom flora here 
does not give an accurate picture of the changes in the water level. 
From the lowest part of the bog series, from a depth of 405 cm, 127 different 
species of diatoms were recognized. They are partly in mud, partly in clay. 
Some of the diatoms were di,-ided on the basis of their growing conditions and 
presented in a diagram (Fig. 19). According to Dr. l\16LDER, Cocconeis placen-
tula var. lineata, Cocconeis p!acentula, Cymbella, Gomphonema and Rhopalodia 
gibba are epifytes. Most representati,-es of the genus Navicula, Neidium iridis , 
N. iridis var. ampliata, the genera Pinmdaria and Stauroneis , and Surirella 
robusta are benthos forms or bottom diatoms. The species of the genus 
Cyclotella, Fragilaria crotonensis, the Melosiras, Neidium affine, and the Tabel-
larias are plankton diatoms. On the right side of the diagram there are some 
diatom families together " ·ith Gyrosima acuminatum, which is a form of 
plankton living close to the shore (:\!oLDER 1938, 1943 a and b). If vYe examine 
the bottom part of the table, we find that thr diatom flora contains mainly 
benthos forms, the majority of \Yhich represent Frustulia rhomboides var. 
saxonica. This fact indicates that in this sediment of the Younger Dryas 
period, water was rather acid \Yith a pH-Yalue changing from 4.5 to 6 (MoL-
DER 1937). The abundance of the Eunotia species confirms this. (M6LDER 1937). 
At a depth of 460 cm., the quantity of the benthos forms greatly decrease 
and the plankton forms increase rapidly. At a depth of 450 cm. the plankton 
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diatoms are predominant. In addition to this the table shows that Gyrosigma 
acuminatum is the most frequent representative of these diatoms. 
From this point upwards, the plankton forms are reduced and epifytes 
increase. Simultaneously, species of the genera Eunotia and Pinmtlaria become 
more frequent. The Cymbellas illustrate well how various species thrive at 
different depths. Cymbella lacustris var. turgida, for instance, is found in acid 
water together with Benthos forms, but only at a depth of 470 cm. Cymbella 
naviculiformis is found together with Gyrosigma acztminahtm at the depths 
of 450 and 460 cm. In this case we can consider it as a sign of deep water. 
Above the depth of 430 cm. the Cymbellas become rarer, but other epifytes 
are found in abundance. The increase of the species of the genera Pinnularia and 
Eunotia can be interpreted as an isolation of a small basin out of a bigger unit. 
From what has been presented above we can conclude the following about 
the characteristics of the sediment series: During forest historical zone Ill 
the silty clay, belonging to the lowest parts of the diagram, formed in shallow 
water which turned into deep water at the end of the same zone. At che zone 
limit IIIJIV the waters of Lamminlahti pond sank below its threshold ( abottt 
71 m.) and independent organic sedimentation began in the pond. As a result of 
filling up, Sphagnum peat began to grow on mud. Its growth can also have 
been affected by regression (AuER 1924). Because the growth of Sphagnum 
peat breaks at the end of zone V, the first conclusion seems likely. The format-
ion of limnic mud is a sign of the water covering the bog. During zone VI the 
coarsness of mud varies, which signifies changes in the water level. The mud 
becomes finer in zone VII. It is a question of deep water plankton mud con-
taining greenish mineral particles and organic remnants. (v. PosT 1909). 
In Sub-Boreal zone VIII the mud becomes coarser, although its diatoms stay 
about the same. From the degree of coarseness we can conclude that this kind 
of a change in the stratigraphy has been caused by a slight regression. 
The pond begins to fill up rapidly at the zone boundary VIII/IX. Not 
only this fact, but also the fact that the pollen of coniferous trees increase 
while Alnus pollen decrease, signifies a shifting of the shore line. 
Lamminlahti bog, investigation area XV 
In Lamminlahti, situated on the island of Kattelussaari, another bog series 
was bored from a Carex raft close to the western part of the bay diagram 15) . 
The series does not go as deep as the bog profile closer to the shore described 
above. The mineral bottom was at a depth of 2 meters. 
The bog pillar bored contained 5 cm. of clay mud on the sand bottom. It 
was covered by a layer of coarse Detritus mud, 5 cm. thick. At a depth of 
185 cm. the mud turned into Phragmites peat, a layer 9 cm. thick. It was 
ACTA BOTANICA FENNICA 6t. 63 
0 76.om Z ID 20 .30 40 5 0 60% Co U T Q QM NAP "' "' 0 ID q \j "' :t Q: Q: Q: f... m~ 
r: : :~ I I ~ • 
,. 
n • t ::::: V i-- ~ ~ l , ,~ / • L -
H2 0 
1. 2 r:~ ~ I IXI ') 
v ....... .. .. I ~~~ 
= .. .. I ::~ );2-- ''<: ""' 7 I r~~ ·a=--,-
....- r-... ~ ,,. ,J ' '\.. ./ -.->K :> I ~ 7= f:. F,:.f / 1 ,so ~~ l li~ 2.0 
' 
~ 5 10 55 ~10.5 10 20 :JOJ< ~~ 510 10 207.5.5 10 15205 5 .5 5 J t 
Fig . 20 . Pollen diagra m 15. Lamminlahti bog. 
covered by 9 cm. of Carex peat, ending at a depth of 168 cm. , and was 
followed by 38 cm. of mud. This mud contained plenty of diatoms. A thin 
layer of remains of Eriophorum, covered by loose Carex peat 9 cm. thick had 
accumulated on the mud. The peat raft contained Sphagnum peat, which 
measured 35 cm. at the boring site. There was 85 cm. of water between the 
peat pillars. 
The pollen diagram implies that the bottom part of the bog fo rmed in the 
middle of a warm period when there was plenty of Tilia. Because the Picea 
pollen curve is considerably strong, we can draw the conclusion that the mud 
formed in zone VIII. Limnic mud, which is underneath, probably formed as 
early as toward the end of zone VII. On the basis of this pollen diagram this 
cannot, however, be considered certain. The steep fall of the QM curve indicates 
the zone limit VIII/IX. At the same time as Picea has reached its maximum, 
the Pinus pollen curve starts rising rapidly, but the Betula and Alnus curves 
fall. 
The formation of fine-grained mud, which is a sign of continuous deep 
water, can be proved to have stopped at the level of the zone limit VIII/IX . 
About this time the water level sank and the bay started to close up along 
the surface. The thin telmatic peat series lying on the mud could be an indication 
that the water sank to the level of 74.1 m . On the other hand, peat from 
the bottom part of the Carex raft may have fallen on the mud. The upper 
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Fig. 21. Pollen diagram 16. Paihannierui shore bog. 
part of the diagram is so different that it does not confirm the latter as-
sumption. 
A curious fact may be mentioned concerning the pollen grains in the profile 
discussed: at a depth of 165 cm. a Popttlzts pollen grain was found. 
Pa:ihii:nniemi shore bog, investigation area XV I 
Paihanniemi, the eastern part of the island Kattelussaari, is a peninsula 
made up of glaciofluvial drift. In the middle of the peninsula there is a hol-
low dividing this gravel formation into t wo parts. The hollow is embogged 
and open to the north and south. Two gently sloping shore banks separate 
the bog from Lake Saimaa in the south. Right on the edge of the embogged 
hollow there is a small shore bar. 
The middle of the bog is slightly raised compared with the edges, which 
grow birch and alder. These trees grow exuberantly on the northern side of 
the bog, where the layer of peat is thinner. Here, the surface which consists 
of fine moist sand, slopes gently t owards Lake Saimaa nearby. 
On the eastern and western shores of the bog basin there are gravel banks 
and, alongside them, shore cliffs, about 4 meters higher than the present 
Lake Saimaa. This indicates that on this spot there was a sound in olden 
times. 
In order to discern the relationship of this bog to the changes in water 
level of Lake Saimaa close by, a series of samples was bored for closer in-
vestigation on the northern shore of the bog. The bog contains the following 
layers, listed from bottom to top: sand, 10 cm. of mud, 25 cm. of Eriophomm 
peat mixed with Equisetum and finally Sphagmtm peat (diagram 16) . 
The sediments indicate that the basin was flooded by water which caused 
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the formation of mud on the sand. According to the pollen the place became 
submerged at a time when rare deciduous trees grew in the neighborhood to 
such an extent that it has been possible to present them as a uniform curve 
drawn on the basis of the pollen finds. The upper level of the mud layer is 
at a depth where the curve of rare deciduous trees breaks. Apparently this 
signifies of the zone change VIII/IX. The slight fall in the Alnus curve and 
the rise of the Picea curve, occurring a little earlier at the expense of Betula, 
indicate the same thing. Diatoms, found in mud and containing plenty of 
Melosira-, Stauroneis- and Cymbella-species, became scarce in Eriophorum 
peat. Only few fragments of diatoms belonging to the genus Pinnularia have 
been found here. This occurrence, together with the increase of Ericaceae 
pollens, indicates that the bog gradually became isolated from the waters 
that had flooded it. 
Muukonniemi bog, investigation area XVII 
In the village of :!1-Iuukkola in the parish of J outseno south of Kotniemi 
peninsula, there is a narrow shore bog, with a tiny brook flowing through it. 
The amount of water in the brook shows immediately the changes of surface 
water in the neigh boring areas. After heavy rain the width of the brook may 
exceed some meters at the mouth; during a dry period, however, the flow of 
\Yater in the brook is minute. 
From the middle of the shore bog from the banks of the brook bed a series 
of samples has been bored. The profile is 230 cm. deep (diagram 17). Its 
bottommost part is tight-packed silt . The silt is covered with 10 cm. of clay 
mud, on which a sediment layer, containing humus, has been formed of diatoms 
and mineral soil. This layer is 45 cm. thick. Higher up , this layer turns into 
pure diatomite 20 cm. thick. The layers are covered with fine-grained and 
coarse Detritus mud. At a depth of 45 cm. it is covered again with a sediment 
containing plenty of diatoms and minerals. This layer extends to the top. 
It is worth noticing in the diagram that the spruce curve rises first gently 
and then stays steadily low until the top of the diagram. The curves of rare 
deciduous trees, especially abundant in this area, mark another remarkable 
feature . According to these curves the sedimentation, starts at the beginning 
of zone VII. The abundance of the pollen of deciduous trees can be explained 
partly by the especially favorable conditions for their growth. 
Ulmus, Tilia and Corylus fall abruptly at the same time at a level cor-
responding to a depth of 145 cm., but their curves do not break. The Ulmus 
depression particularly has been considered in Scandinavia as the sign of the 
beginning of Sub-Boreal period (FRIES 1951, HAFSTEx 1956) . This diagram 
also shows the steep simultaneous fall of the QM-curve. A pollen curve as 
5 
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Fig. 22. Pollen diagram I i. ::\Iuukonniemi bog. 
strong as this has to be interpreted as a result of climate, because no changes 
can be found in the sedimentation. Because the Pinus and Picea curves rise 
at the same level, the zone limit VII/VIII has been dran-n here. In the upper 
part of the diagram, Pinu.s and Picea rise a little at the expense of other 
pollen. Also, the first signs of the influence of ~Ian can be found here. 
Along with Artemisia and Chenopodiaceae pollens, Plantago pollen and great 
Gramineae pollen have been found. Considering the small quantities of Picea 
and the discontinuous occurrence of rare deciduou trees, we can draw the 
conclusion that close to the zone change VIII/IX no sedimentation worth 
mentioning has occurred here. The investigation of diatoms, found in soil 
samples, indicates (Table 3) that the Pinnularias form the major vegetation 
closest to the surface. Greater amounts of diatoms can be found at a depth 
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TABLE 3 
Diatoms from the jl!J uukonniemi bog 
Depth in cm 
Cocconeis placen tula var. lineata ... . . . . .. ... ..... . 
Cy mbella aspera 
gracilis 
na dculiiormis ....... . ..... . . ... ...... . .. .. . 
turgida ....... .......... . ... ... ............. . . 
turgidula ....... .. . . ... . . .... . ...... .... ... . . 
Cyclotella quadriiuncta . . . ... . . ......... .. .......... . 
Epithemia zebra ...... .... . .... ........... .... ..... ... . 
sp ....... .. . 
E nno tia formica .................. ...... ........ ...... . 
gracilis ... ... .. . .. . . ... ... .......... ..... ....... . 
diodon .......... .. . . ... ... ....... . . . ......... .. . 
pectina lis 
yar. minor ................... .. 
Yar. ventralis .... ......... ... . . 
praerupta 
Yar. bidens 
pectinalis yar. minor fo. intermedin 
robusta . .... .. . . . ............................ . 
Yar. t etraodon 
triodon 
Gomphonema acuminatum 
yar. brebissonii ..... . 
constrictum .. .. . ...... . .............. . 
Hautzscbia a mphioxys fo. capitata ..... ... . . .... . 
elongata .......... . . . . ... ............ . ..... . 
fragm . . ... .. ...... ..... ......... . . . ... ... . 
::\Ielosira granulata 
islandica ssp. helyetica ..... ... ......... ... . 
italic a . ........... ... ........ ...... ....... . .... . 
frag:m ... ... . ... . ............. · · · · · · · · · · · · ···· · · 
::\Ieridion c ircu lare ..... . ......................... ....... . 
::-<avicula bacillum 
radiosa .. .. . .... . ... ............ ............. . 
~ eidium iridis ... . .... . 
Pinnularia brevicostata 
cardinalis ... .. ....... . . .... ...... .. ...... . 
gentilis ......... .... ... . ... . ................ . . 
gibba ... . . . . . ........ . ..................... . 
interrupta 
isost auron .. .. ....... ..................... . 
hemiptera ....... .... ..................... . 
la t a ......................... . .. ..... . .. ... . . . 
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Pinnularia macilenta . .. . .. . ..... . . .... . . . . ......... . . 
maior ... . ......... . .. . . . . .. . . .. .. . .. . .... . . . 
mesolepta . . ................ . ........ . ... . . 




nobilis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
streptoraphe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
viridis . .... ... ...... . ... ..... . . ... ......... . . 
var. sudetica . . . . . . . . . . . . . . . . . . . . . 6 
sp. . .. ..... . .. ....... . ... . . . .... . . . . .. ..... . . 
fragm .... ........ . ...... .... . . ........ . . . .. . . 
Stauroneis anceps .................. . ................... . 
phoenicenteron ............... . .......... . 
Surirella sp. . ............. . . .. . .... . ....... . ...... . .. . . . . 
fragm . .. . ........ . ............. . ... . ........... . 
T abellaria fenestrata ...... . .... . . . . . ... .. .. . ... .. .. ... . . 
flocculosa 
Tetracyclus lacustris . . ................. . .... ..... ..... . . 




























of 95 cm. Then there are species like St+rirella elegans, Surirella caproni, M e-
losira italica, Tetracycl,us lacustris, M elosira granulata, the Tabellarias, Gom-
phonemas and Epithemias. I n addition to these, species like Cymbella aspera , 
the Pinnularias and Eunotias have been found deeper down. 
At the next level from where samples were taken the majority represent 
the Melosiras . It is almost the only species found in the diatomite. Still further 
down, under the M elosiras, there are plenty of Tetracylus lacustris and Pinntt-
larias. 
From the stratigraphy we can conclude that the bottom sediments formed 
in shallow water, which became continually deeper. Fine-grained Detritus mud 
formed in deep water, which, according to the diatoms, becomes somewhat 
shallower in the upper part of zone VIII. The fact that the sediment series 
has been partly washed into dry land signifies regression of the water level 
close to the zone change VIII/IX. 
Comparing the diatoms of today (Tab. 4) ~,·ith the fossils, " ·e can notice the 
following facts: the water at present altogether lacks representati,·es of the 
genera N eidium, Hantzschia, Epithemia, Cyclotel!a and Cocconeis; among fossil 
diatoms no representatives of the genus Fn,stulia haYe been found. Vve can 
conclude that the conditions during the sedimentation period of the layers in 
Muukonniemi bog were different from modern conditions. Because of the 
greater variety of species in the series of layers, they have apparently been 
more favorable for diatoms than today. 
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TABLE 4 
R ecent diatoms found at the mouth of the brook near by the Muukonniemi bog 
Cymbella turgida 
Eunotia exigua 
fallax var. grac illima 
pectinalis var. ventralis 
po1ydentula 
veneris 
Frustulia vulgaris var. capitata 
Gomphonema acuminatum var. coronata 
)lelosira italica 
)leridion circula re 
var. constricta 
Navicula e1ongata 
lanceolata var. t enuirostris 
peregrina var. 1anceolata 
» pseudoscutifonnis 
Pinnularia brevicostata 
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H eimo jar vi shore bog, investigation area X V I II 
In the village of Ilottula, belonging to the parish of ] outseno, m the 
proximal part of the first Salpausselkii ridge there is a small pond separated 
from Lake Saimaa by a narrow and low threshold. The water level of the 
pond is 76.5 m. Thus it is more than 0.5 m. higher than the water level of Lake 
Saimaa. The esker deposits of Salpausselkii discharge plenty of water into the 
pond, out of which a small brook flows into Lake Saimaa over the lowest part 
of the threshold. 
The pond is surrounded by a narrow circle of peat which is thickest in 
the north. The bottom is muddy and rotten tree trunks and fallen trees can 
be seen in shallow places. 
In the middle of the shore bog, half,yay between solid earth and the farther-
most peat raft, a series of specimens was bored for closer examination (dia-
gram 18) . 
The upper part of the bog abounds in very loose, raw Sphagnum peat, 
which it was impossible to get by boring. Beginning from a depth of 110 cm. 
to the solid bottom, the peat is more compact and it was po~sible to get the 
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Fig. 23. Polle n diagram 18. H eimojar\"i shore bog. 
samples by boring. Limnic peats are separated from telmatic peats at a depth 
of 170 cm. In the bottom part of the boring site, coarse muddy layers alternate 
with sand layers as well as with sand and silt layers containing plenty 
of humus. 
The pollen diagram drawn on the basis of the finds clearly reflects the 
history of the forest here. The first organic sediments formed on the sand 
during zone V. Particularly plentiful Grami1~eae pollen one can find at the 
end of zone V and in the beginning of zone VI. The diagram also reflects 
. Phragmites grown on the shore. The zone limit V/VI is determined by the fall 
of the Pinus curve, which is followed by the rise of the Alnus curve. Charac-
teristic of zones VII and VIII is the strong curve of rare deciduous trees, the 
break in which signifies the beginning of the Sub-Atlantic period. Simulta-
neously Picea reaches its local maximum value: 1 ~0 • The upper part of 
the pollen diagram is dominated by coniferous pollen. Besides this, there are 
some pollen grains of rare deciduous trees. 
The stratigraphy indicates that in this basin belonging to Salpausselka, 
there was shallow water or marsh land towards the end of zone V. This caused 
the spreading of Phragmites. The pieces of wood found when boring, beas 
evidence to the fact that a forest grew in the neighborhood. Later on the 
forest dried up and was buried in the bog. Immediately after the rise of the 
Alm~s curve the surface of the ground water started to rise in the esker. This 
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caused the gathering of silty fine sand on the peat. When the transgression 
continued, sand turned into silty mud. During the even transgression, lake 
mud began to form on mineral substance near to the zone change VI/VII. 
In zone VII, mud became fine-grained thus being a sign of deep water. Be-
tween zones VIII and IX the "·ater in Heimojarvi regressed and telmatic-
terrestrial peats gathered on limnic materials. 
TABLE 5 
Diatoms from the mud of Lake H eimojarvi 
Depth in cm 
205 230 240 260 345 
Amphora ovalis ........ .. .. . . ....... ........... . .. . . . ............ . 
var. libyca ........... ........ ............ . . .. . 3 
var. pediculus .. . 
Cocconeis placentula yar. euglypta ........ . ....... . . ..... . 
Cyclotell a kiitzingiana .... . .. ...... ................... . ........ . 
Cyrubella aspera .......... .... . . . .... . .. . ...................... . 
sp . .... .......... . ... ................................... . 2 
Diploneis finni ca ... ........... .... ....... .. .. . . .... ... . .. ...... . 
Epithem ia turgida .. .. . ....................... .. ............... .. . 
y ar. westermanni 
zebra 
var. porcellus ... ............. . . . .. . .. .. . 1 
E unotia sp ................ . .... ..... .. ... .. ..... .... . ....... . .. .. . . . . 2 10 2 6 9 
Fragilaria sp .. . .... ......... ..... . . ............. ... . . . .. ... ...... . . 52 11 so s 
Gomphonem a sp. . ....... . . .... .. .. .... . . . ... .... ...... . .... . ... . 2 3 
H antzschia elongata 1 1 
Navicula americana .. . ..... .... . ..... .. . . . ............... . . . .. . . 
anglica .. . ............. .. .... ............. . . . . ........ . 
la terostrata ....................... . . .. . ............. . 
pupula var. rectangularis 2 
radiosa ............................... . . .. .......... . . . 
Keidium iridis ........ .... . ...... ...... ..... .. .. .. . ...... . . . .... . 
sp. . . ........ .... .. .... . ... . ... . . . ........ . .............. 2 2 1 2 
:lfelosira arenaria .. ....................................... . .. ... . 
distans 2 t, 
granula t a 
italic a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 10 16 10 
var. yaJida . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 21 2 7 4 
undulata yar. normanni . . . . .. . . . . . . . . . . . . . . . . . . . . . 1 
Xitzschia scalaris . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 :! I 2 2 
Pinnularia sp. 15 12 7 so 2S 
Stauroneis phoenicenteron . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 6 2 8 1 
Ta bella ria fenestrata........... . . .... . . .. .. . .... ...... ......... .. 3 
flocculosa 1 
Tetracyclus lacustris ,-ar. strumosa ..... . ............. .. .. . 1 
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~jgSS-ari, subaquatic sediments. 
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The diatoms in the fine-grained Detritus mud were examined (Table 5). 
Some of them point to the fact that when mud evolved in Heimojarvi, the lake 
was connected with a larger body of water. Such diatoms for instance, are 
Cymbella aspera and different species of Melosira - especially M elos£ra 
granulata - which are typical of our lakes. 
TABLE 6 
Diatoms from Lake H eimojarvi 
Achnanthes lanceolata va r. rostrata 
Cymbella turgida 
Gomphonema constrictum 
)Ielosira italica ssp. subarctica 
varians 
)feridion circulare \· ar. constrictum 
T abella ria flocculosa 
T etracyclus lacustris 
Chemical analyses of the water of Lake Heimojarvi 
pH 7 .28 Cl . .............. . .. .. .. . . . . .. . ..... . . 4.7 
Salinity, calc. from the conduc- ::\fa .. . ... .. . ... ... . . .. .•• .• ••••••• ..... lt.l 
tiviy of the water . . .... . ..... 38 .1 mg tl 
.K ··· · · · ·· ·· ·· · · ·· · ··· · ····· · . ...... . . 1.0 
Hardness (German scale) . . . . . . 1. 0° Ca . .. . . .......... . ... . . . ....... . ..... . 3.2 
TABLE 7 
R ecent diatoms fro m the P ulp beach. The specimens are taken 60 meters outwards 





placentula var. lineata 
Cyclotella comta 
Cymbella parva 




Frustulia rhomboides var. saxonica 
Gomphonem a acuminatum 
cons trictum 
)lelosira granula t a 
• 
italic a 
var. angus tissima 
islandica 
Navicul a radiosa 
Pinnularia ma ior 
Staurone is anceps 
Syn edra acus 
T abellaria fenestra t a 
flocculosa 
,-a r. intermedia 





pH ...... ... .... . . . ...... . ..... .. . . .... 7 . 05 Ka . ...... .. . ............. . ... . . . . . . . . . 1.95 mg /1 
S alinity ...... .. .. ................. .. . '•2.3 mg ll K ........... . .. ... ... . . . . ..• .... .. •.. 0.8 mg /1 
H ardness . . . . . .. . . .. . .. . . . . . . . . ... . . 0 .9° Ca . ... . ... . . . . . . .. .. .. ........ . .. .. ... 0.5 mg ll 
Cl . ... . ..... . . . . . ... ...... . . . . .. . ..... 3 .3 mgtl 
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A remarkable feature of diatoms is S itzschia scalaris, \Yhich is found in 
great quantities. This is usually considered as a species living in salt or brackish 
·water. o geological studies, however, indicate the fact that salt water could 
have flown into the Saimaa Lake in the Litorina period. The ecology of 
the above mentioned diatom is not regarded as quite clear (HusTEDT 1957) 
and it is considered possible that its presence is not a sign of salt water at all 
(LuNDQVIST-THOMASSON' 1923). The diatom in question can thus be looked 
upon as an indifferent form which thrins both in salt water as well as in fresh 
water. The great amount of this diatom found in Heimojarvi in zone VII, 
suggests that conditions for its growth were then favorable. The subfossil 
diatoms have been presented in Table p. 71. 
To make the comparison of diatoms easier, samples of water and of ditaoms 
,,·ere taken from Heimojii.rvi at the mouth of the small brook flmYing into 
Lake Saimaa (Table 6). The investigation of the latter sample showed that it 
contained quite a number of diatoms, although the different species were 
few in number. Comparing these diatoms \Yith the fossile samples from zones 
VII and VIII, we find that there is only one species common to both: Tabel-
laria flocculosa. 
From further on in the east, at the head of the S\\-imming pier of Pulp beach, 
a water sample was taken, and its diatoms examined (Table 7). Comparing these 
diatoms with the fossils from Heimojii.rYi we notice that common species, in 
addition to the one mentioned before, are Epithemia turgida, Melosira granu-
lata, M elosira italica and Tabellaria fenestrata. 
On the basis of the facts mentioned above, we can see that the conditions 
for the growth of diatoms were different in zones VII and VIII, because only 
few diatoms that were to be found in those times, are met nowadays. It is 
possible that the waste water of big factories situated near by have bad a 
great influence on the diatoms living in the lakes in the vicinity. The presence 
of Melosira italica indicates the same kind of conditions in the open sea as 
those at the head of the swimming pier. 
Ritasuo, investigation area XIX 
Ritasuo bog is situated east of the inYestigation area proper. It is found 
on the topographical map sheet of Imatra, in the area belonging to the parish 
of ] outseno, 2 km nortbteast of the church. It lies on the northern side of 
Salpausselkii. and extends to Lake aimaa in the north. The bog is a vast 
raised bog dominated by Sphagnum. Here and there pine trees can be found 
in the area. From the middle of the bog, about 100 m. east a series of samples 
" ·as bored. The pollen of its lowest layers "·ere examined. 
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Fig. 25. Pollen diagram 19. Ritasuo . 
The senes of samples (diagram 19) is as follo\YS from bottom to top: the 
lowest part is sand covered by 20 cm of silty fine sand. ext there is 5 cm. 
of clay mud covered by a thin layer of Bryales peat. This is covered by mixed 
peat, telmatic in character, which contains remains of Bryales, Sphagm{m 
and Carex. Fragments of Pinnularia have also been found in this layer. Among 
Carex peat at a depth of 447 cm. , plenty of leaf cell tissue has been found. 
From here to 420 cm, mineral material and Carex tissue occur to some extent 
in Sphagnum peat. Upwards from here, the peat starts to contain more and 
more Sphagnum. Uppermost in the series there is pure Sphagm{m peat. The 
part of the series examined ends in forest peat. 
The pollen show that the bog formed during the Younger Dryas period, 
in zone Ill, which is characterized by great quantities of herbaceous pollen. 
This type of pollen is especially rich during the period in question and the 
percentage of pollen grains of the Artemisia, Ericaceae and R umex families 
is bigger than usual. At the same time, Salix reaches its maximum: 14 %· 
The lowest sand layer and most of the loose layer of silt and fine sand were 
formed in zone Ill. Pollen of trees, ";th Betula predominating, are scarce. 
At the limit of zones III/IV there is 4 % of Picea pollen out of the whole 
amount of tree pollen. Alnus pollen are represented by 6 % and P im.t,S by 
36%. 
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The pollen in the upper part of the silty fine sand, in the clay mud and 
tn the Bryales peat reflect the characteristic features of the Pre-Boreal 
period. 
This period is characterized by a high amount of Betula and low curves 
of both Pinus and Alnus. The percentage of the latter rises evenly. At the 
beginning of zone I V the amount of herbaceous pollens is low, 18 %, but 
at the end of the zone it rises rapidly with the help of Cyperaceae and Grami-
neae pollen grains reaching 97 %· The abundance of the pollens of aquatic 
plants at the change of the zones III/IV indicates the fact that during the 
formation of fine silty sand there was shallow water, favorable for aquatic 
plants. Simultaneously Alnus started spreading on the shores. Hippophae 
is also found among the local vegetation. This is proved by separate pollen 
finds, which increase in the upper part of zone I V. 
Zone V is characterized by two slight Pinus maxima with a Betula maximum 
between these two. As to the forest history of the rest of southern Lake Sai-
maa the features are thus the same in this respect (SAURAMO 1949, Doi'\KER 
1951). A distinctive fact is that the pollen of rare deciduous trees are now 
found together with Alnus pollen grains. Sphagnum-Carex peat, which 
contains mineral matter and where fragments of Pinnularia have been found, 
indicates the telmatic character of the peat. At the end of the zone the amount 
of Carex peat increases, while the low Q~f-amount rises rapidly at the same 
time. At the zone change Yf\.I it falls again to its low position. This kind of 
change in peat and the rise of the Q:\I-curve, first ·with the help of Gramineae 
pollen and then Cyperaceae pollen, indicates that the bog has possibly been 
partly covered by water. Simultaneously Salix forms a small maximum. At 
the zone limit V/VI the influence of the presumed flood stops, because the 
peat becomes terrestric, the Q:\I-pollen curYe falls and Alnus rises rapidly. 
At the depth of 410 cm. Pinus forms its maximum reaching 60 %· Changes 
occur in the pollen during zone \T These must have been caused by increas-
ing humidity. Rare deciduous trees can be found during zone VI. The uniform 
curve of Ulmus starts to develop. 
The zone change VI/\'II belongs to the period during which the beginning 
of the Picea curve occurs simultaneously with the uniform rise of Tilia. 
The changes in the stratigraphy of Ritasuo bog haYe been caused by Lake 
Saimaa, the water level of " ·hich was high during zone Ill. At the beginning 
of zone IV, the bog basin became isolated and the bog started forming. It 
is difficult to explain the evolution of the thick peat layer without taking 
into consideration the influence of Lake Saimaa nearby. Apparently its water 
level transgressed after about the middle of zone V. Ritasuo bog developed 
because of the influence of this transgression. 
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The subaquatic sediments of the islands of Oljysaari and Katajasaari, 
investigation area XX 
Close to the island of Rapasaari, the industrial area of the town of Lappeen-
ranta, there are two small islands: Oljysaari and Katajasaari. Because of the 
plan to continue building the Lappeenranta shore railroad towards these 
islands, bottom investigations around these islands were carried out from the 
ice in winter by order of The Geotechnical Department of the The Finnish 
State Railways. A layer of sand, varying in thickness, was found immediately 
under mud. Beneath the sand layer 5-10 m. of stratified clay and silt were 
found limited to ground moraine drift. Fig. 24, p. i2 - 73. 
From the boring profiles we can see that the sand layer between mud and 
clay resembles a tongue in shape, becoming slightly thicker farther off from 
the islands. The topmost surface of the layer is even, thus resembling an sedi-
mentation surface. Its height varies from 66 m. to 67 m. in two profiles. The 
height of the bottom surface is about 61 m. measured at the deepest place. 
The islands rise at a place where the dubble shore 4ab, and the shore-stage 
5 ( = Suursaimaa) are at the 0 metres isobase. If we suppose that the gradient 
of Yoldia Sea was approximately the same as the one of the shores above it, 
the lowest border of the sand leYel corresponds to the theoretical location 
here of the Yoldia Sea. 
The samples taken from the sediments described were examined, taking 
technical values into consideration. They were not, hmYever, pollen analytically 
analyzed. 
The evolution of Southern Lake Saimaa 
Relation between stratigraphy and the hi tory of the fore t s 
On the basis of the above-mentioned inYestigations, the changes in water 
leYel of Lake Saimaa take shape. They have been determined by three factors: 
a) land tilting, b) functioning of outlet channels, and c) changes of climate. 
The first of these factors has always been important since the time when the 
ice sheet with drew. Because of the land upheaYal , the labyrinthlike basin of 
Lake Saimaa warped towards the south, causing gradual changes in outlet 
channels. These, again, caused slo";ng do"11 of the continuous, transgression. 
Changes of climate do not seem to have had much influence on the transgression 
until zones VII and VIII. Increasing precipitation did not have any influence 
on the lake basin until the end of the ub-Boreal period and during the ub-
Atlantic period. Greater humidity is reflected in yery yast areas of Finland in 
bog profiles where limnic or telmatic peats can frequently be seen on terrestric 
peat formations. 
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Fig. 26. Shifting of the shore-line compared ""ith the forest history in the gl acio-
fluyial areas of the Lappeenranta district . 
According to the investigations described here, the shifting of the shore 
of southern Lake Sa.imaa can be traced, beginning from the final stages of 
the Ice Age. These events haYe been presented in Fig. 26, where the 
shifting of the shore-line has been connected with the history of the forest. 
According to the pollen and diatom analysis of the island of Kattelussaari , 
the edge of the ice sheet " ·as close to the second Salpausselka ridge during 
the latter part of zone Ill, because the first changes in water level can be 
proved to have occurred at the end of this period. On the basis of the analysis, 
the waters rose and reached an eleYation indicated by the Salpausselkii 
plateaus. In the same period there were several changes in water level. The 
longer phases brought forth the ancient shore-lines seen today high above the 
water level of Lake Saimaa. The period of high water was long. Especially 
thick extensive clay layers bear witness to this fact. They have been found 
by boring around the islands of Olj ysaari and Katajasaari as well as in the 
middle of Voisalmi sound, belonging to the t own of Lappeenranta. There is 
about 33 m. of fine varved sand and silt in those places (the amount has been 
determined on the basis of the boring performed by The Geotechnical Depart-
ment of The Finnish State Railways, in 1961). 
Sediment layers as strong as these e\'olnd mostly during zone Ill, when 
the areas of southern Lake Sa.imaa were first connected with the Baltic Ice 
Lake, before the edge of the ice sheet retreated to the second Salpausselka. 
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After a slight regression in water level, the southern Lake Saimaa "·as isolated 
and became an independent ice lake. One of its outlet channels was situated 
at the head of Rovonlahti bay in the village of Rutola , the others possibly 
somewhere near Lavikanlahti bay in the village of Taipalsaari (HELLAAKOSKI 
1934, 1935). 
At the end of the zone Ill period, an apparent change occurs in the diatoms 
on the island of Kattelussaari . Tllis signifies regression of water lenl. This 
event occurred at a time when the waters of The Baltic Ice Lake discharged 
themselves into the sea and the great lake became connected with the sea 
(l\Iu:-rTHE 1910, RAMSAY 1924, SAURAMO 1940). According to AL"RA:'>IO (1949) 
this discharge occurred (BVI - Y I ) around 7900 B.C. Because of the topo-
graphy of southern Lake Saimaa, the basin remained higher than the water 
level of the ocean, but the northern parts of the water course became connected 
with it (H ELLAAKOSKI 1934, SAURAMO 1937, 1940, 1958, LUMIALA 1943, 0KKO 
1948, DON'NER 1957). 
The bottom of the sand layer underneath the muddy clay around the 
islands of Oljysaari and Kattelussaari is 61 - 62 meters and the top level 66 
- 67 meters. In the shore-line diagram this is at the same level as the theo-
retical Yoldia Sea. It is likely that here it is a regressive sediment, the origin 
of which was the regression of the water level in this area. The dating is made 
difficult by the material of the sediment. The origin of the nlicrofossils it 
possibly contains may be mostly secondary (Iversen 1936) . 
According to the diagram of the Voipionlahti bog profile , the water level 
was about 420 cm. lower at the beginning of the Pre-Boreal period than it 
is in the present Lake Saimaa. According to the shore-line diagram, it was at 
an elevation of 61-62 meters quite close to the northern part of the fi rst Sal-
pausselkii.. If we study the hydrological map of southern Lake Saimaa, (1957), 
we can see that during this period Lapveden Saimaa was formed from separate 
small lakes. The waters of ancient lakes flowed along a narrow course, north 
of the market town of Lauritsala, into Lake Saimaa, which even then was a 
big lake despite its low water level. 
The first traces of a transgression were found in Voipionlahti belonging 
to the parish of Taipalsaari , where Phragmites peat started to form on sand. 
According to the pollen analysis the formation of peat belongs chronologically 
to the upper part of the Betula maximum, to zone n·. In this period, Lap-
veden Saimaa again joined Lake Saimaa. The narrow threshold which was the 
meeting point of the waters, is probably located north of Lauritsala, between 
the islands of Riutansaari and Tuosasaari, where there is a long and narrow 
faultline pointing northeast. 
The transgression in southern Lake Saimaa showed no signs of slowing 
down during the Boreal zone V period. The formation of limnic Carex-
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Phragmites peat in Voipionlahti proves that the transgression continued. 
After the middle of the same zone, the waters forced their way into Lamrnin-
lahti over the threshold of the island of Kattelussaari, about 4 meters below 
the water level of present Lake Saimaa. There they caused the formation of 
fine Detritus mud. 
The transgression in the Boreal period caused the rise of the ground 
water on the Saimaa side of the first Salpausselka. This made the shores favor-
able for luxuriant growth. This is best seen in the microflora of Ritasuo bog, 
where plenty of herbacuous pollen grains have been found. In addition to 
abundant alder Hippophae also grew on the shore. The period was generally 
dry in the investigation area. This is best indicated by the esker kettles. 
According to their pollen analysis and stratigraphy, organic sedimentation 
>vas very scant. Excluding the shore areas of Lake Saimaa, the water level 
was low in this period. From the transgression of the Ancylus period in southern 
Lake Saimaa it follows that bog layers can be found in the district of the 
northern water course of Lake Saimaa more easily than in the south, where 
the layers of that time are deep under water. Theoretically the shore-line of 
the Ancylus period in the investigation area rises around Sarviniemi out of 
today's water level. Distinct determinations of the shore-lines, however, are 
impossible to perform here morphologically. 
The continuation of the transgression in zone VI is visible in many shore 
profiles, although it slowed down a little. In places like Voipionlahti in the 
parish of Taipalsaari, where the waves are not so high and are less destructive, 
the transgression has developed Sphagnum peat. Such places, however, which 
are better connected with the open lake, have produced Detritus mud. Such 
is the case in Lamrninlahti on the island of Kattelussaari. 
The transgression is revealed better than before in most of the shore bogs 
around Lake Saimaa at the beginning of zone VII. In the northern parts of 
the water course of Lake Saimaa there was probably a discharge channel which 
regulated and slowed down the rise of waters in the south during zone VI. 
On account of the nature of the land uplift the discharge channel rose on to 
dry land. Therefore, the transgression was faster in the beginning of zone VII. 
In the shore bogs, however, no such features have been found that would indi-
cate a sudden flood. By drawing conclusions from this, the influence of the 
climate on the transgression was insignificant. The mud stratigraphy of Luhta-
lampi (Diagram 10) points to the fact that before the middle of zone VII the 
rising of waters had slowed down. This, however, did not last long, but it 
gives us reason to conclude that at that time the waters of Lake Saimaa found 
a new outlet channel the influence of which on the transgression was however, of 
slzort duration . At the end of zone VII the shore mud became finer, which is a 
6 
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sign of deeper water than before. The plankton forms of diatoms are more 
important than other diatoms. As to the water level , Lake Saimaa reached 
the present level before the zone change VII/VIII. 
After the middle of zone VIII , Lake Saimaa reached its highest Post-
Glacial position in the south: 80-80.5 m (Fig. 26). The bog stratigraphy of 
that time indicates that the waters stayed at this level for some time. This 
can be explained on the grounds that coarser mud or drift mud collected by 
the waves (Diagrams 14 and 18) have formed on plankton mud in open places. 
The strong terrace form of the Suursaimaa stage, however, does not, prove 
that, but as has been pointed out before, it is a formation of both the late and 
the early stages. Thus it remains questionable whether the terrace form, 
described as the shore of the Suursaimaa stage, can be considered at all as 
the sign of the transgression of the water. 
On account of the curve presenting the shore-line displacement of southern 
Lake Saimaa (Fig. 26) we can conclude that right at the beginning of 
the zone VIII, the waters of Lake Saimaa rose so much that they flowed over 
the narrow threshold which separates the Kivij an·i ·watercourse from that 
of Lake Saimaa. This place, is situated at the head of Rovonlahti bay in the 
village of Rutola. The waters have had an access to flow from there into the 
ponds of Myllylampi and Karenlampi and from there further along the course 
into Kymijoki river. In this way ancient Lake Saimaa connected its body of 
water with the vast areas of Kivijan·i " ·atercourse. Along this watercourse 
one can find shore marks the height of which refers to the connection with 
the water level of Suursaimaa. Therefore, the stratigraphy of the shore bogs 
of the Kivijarvi watercourse should reflect the position of the water level 
at that time. This interesting subject will be discussed later on. 
Changes in the stratigraphy of the shore bogs occur everywhere in the 
district of southern Lake Saimaa before the zone change VIII/IX. These 
changes point to the end of the transgression. For instance, in the depressed 
bog in the middle of the island of Voisalrnensaari (investigation area XIV) 
telmatic Carex peat turned into terrestric Sphagnum peat. In Lamminlahti 
pond on the island of Kattelussaari (investigation area XIV) the formation 
of Detritus ended and, instead of that, Carex-Sphagnum peat developed. 
In the stratigraphy of other shore bogs of the same island such changes occur 
that point to the regression of water. In the small Heimojarvi shore bog (in-
vestigation area XVIII) Detritus mud is covered by Bryales peat. In places 
that face open waters or in subaquatic bogs no sedimentation can be found 
in zone IX. Examples of this are the bog profiles of Suur-Suomensalo (in-
vestigation area IX), Muukonniemi (investigation area XVII) , Luhtalampi 
(investigation area X) and Voipionlahti (investigation area XII). 
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Fig. 2i . A part of southern Lake Saimaa during the maximum of the Sub-Boreal 
transgression . 
Where the transgression eroded adjacent shores and thus brought about 
underwater sands, the formation of peat can be proved not to have started 
until zone IX. 
These stratigraphical changes in the shore bogs of southern Lake Saimaa are 
caused by the formation of a new outlet channel, the Vuoksi, which caused a con-
siderable regression in the water level of Lake Saimaa. 
The transgression in southern Lake Saimaa was great between the Pre-
Boreal period and the last regression. The total amount was 14 m. on the 
isobase of 84 m. On the isobase of 80 m. (close to the proximal edge of the first 
Salpausselka) it was a little over 18 m. This estimate exceeds the highest 
transgression estimate presented before (SAt:"RA~IO 1958) by more than five 
meters. This rise took 6500 years. 
The early transgression, from the Pre-Boreal and Boreal periods, which 
has now been proved for the first time to have occurred in Lake Saimaa, shows 
that land tilting in a great lake basin was able to influence the shifting of the 
shore immediabely after the ice sheet moved away from it without hindrance. 
If we take into consideration the figures indicating the altitudes of the highest 
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shores in the Post-Glacial period, the gradual regression of water to the level 
of the theoretical Yoldia Sea " ·as about 39 m. in the neighbourhood of the 
first Salpausselka and 37 m. in the vicinity of the second Salpausselka. The 
regression occurred at the zone change III/IV. The next apparent regression 
of water level was the result of the long transgression that followed the occur-
rence described above. According to the investigations oj shore bogs it occurred 
near to the zone change VIIIJIX. 
In the history of the forests the occurrence happened during a period when 
the uniform curves of rare deciduous trees break, but " ·hen their pollen grains 
are still found here and there from this point upwards. Simultaneously, the 
second strongest rise of the Picea pollen curve begins in dry gravel and sand 
areas. In moraine lands the Pic~a p.ollen curve has already reached its maxi-
mum. Together with these occurrences, the Pinus pollen curYe rises sharply, 
often, however, as a result of the trees growing every"·here. In connection 
with the regression of the water level, the pines acquised plenty of new habitats 
in which they soon took root. When the Picea curve rises, the Alnus and Be-
t·ula curves fall simultaneously. 
Formation of the nver Vuoksi 
Evidence of the Linnansuo bog 1·n the district of Imatra 
The problem concerning the age of the Vuoksi is directly connected v.ith 
the investigation of the transgression of Lake Saimaa and "ithout doubt it · 
is the most interesting aspect of it. Linnansuo bog (investigation area XXI), 
on which HELLAAKOSKI (1936) published a stratigraphical and paleontological 
study, in the district of Imatra, has proved to be a clue to this disputed 
question. 
The results of my examination, based on the sediments of Lake Saimaa 
and concerning the maximum age of the transgression, are different from 
earlier theories. Therefore, I have performed detailed obserTations in Linnan-
suo bog in the district of Imatra in order to be able to find out for certain to 
what extent my conclusions are justified and whether HELLAAKO KI's study 
probably lead in the wrong direction. 
Geologists found out about the exceptional stratigraphy of the above 
mentioned bog in the nineteen-twenties in connection with the construction 
work of Imatra dam and the building of railway tracks by The State Railways. 
The late Mr. THoRn BREN'NER, (Professor at the Helsinki High chool of 
Technology) said in his statement concerning the ground investigations of the 
bog (1922): )>it seems as if the material " ·as mostly mixed, its analogical origin 
resembling delta formations )>. This statement is about the sediment " ·hich 
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29. T opography of Linna nsuo aod its surroudings . 
looks like clay and spreads out as a half-circular cover over the above mentioned 
bog on the eastern side of the\ uoksi. At this time people started to think that 
the problem concerning the age of the Vuoksi and Imatra might be solved 
by investigating this particular bog. Later on BRE).:-ER surrendered part of 
his vast study on Linnansuo bog to H ELLAAKO KI . On the basis of this, but 
also by virtue of his own observations, he then wrote the afore mentioned 
publication. 
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The writer of this study has had a change to use the complete technical 
material concerning Linnansuo bog. Among other things, this includes several 
soil profiles bored at short distances across the bog. In addition, LuATRA::-< 
VODiA Ov has given permission to use the old profiles (Fig. 28) across the 
still water above Imatra as ''"ell as the hydrographical map of Linnansuo bog. 
When comparing the topographical maps presenting the bottom of the 
\ ·uoksi with the topography of Linnansuo and its vicinity (Fig. 29), it is 
easy to get the impression that when the \ ·uoksi discharged its waters at this 
particular spot, erosion " ·as strongest on the Linnansuo side of the outlet 
channel. This conclusion contradicts HELLAAKOSKr's (1936) evaluation. Ac-
cording to that he was not able to see the signs of erosion in the topmost border 
of peat under the flood sediment. The direction of the channel has, however, 
been such, that the side erosion of the \ ·uoksi has had an influence on the 
channel itself as well as on the left side - the bog side - of the river, a little 
further on. South of the bog a hill rises to an elevation of ten meters (70 m. 
above sea level) from the bog le,·el. Subjected to the influence of the hill, the 
direction of the flowing water turned into a kind of whirlpool, and normal 
side erosion increased. Because the water level was then above the bog level, 
erosion had necessarily a certain effect even at some distance from the channel 
to the bog. 
In order to be able to demonstrate the validity of this erosion hypothesis, 
or - in other words - to prove by pollen analysis that the end of the growth 
of Linnansuo did not occur in the middle of the Litorina period as HELLAA-
KOSKI's diagram (HELLAAKOSKI 1936) indicates, but after that period, 
I have taken samples from Linnansuo bog for laboratory analysis. The in-
vestigation of the bog showed that the bog was covered by a flood sediment, 
and the lowest levels of the curve indicated a height of 63 m. The sediment is 
thickest close to the channel of the Vuoksi, where it is almost two meters 
thick. In the east, towards Linnansuo, the layer becomes thinner; so at a 
distance of about 700 m. from the channel it is only a few centimeters thick. 
This phenomenon is distinctly noticeable on the southern side of the bog in 
the open sides of a big ditch dug by a machine at the end of the summer of 
1960. The thinning of the sediment from the channel of the Vuoksi towards 
the bog is also clearly seen in the profile diagrams drawn across the bog on 
the basis of the borings performed by The Geotechnical Department of the 
State Railways. 
The layer on top of the bog is varved, but not in the same way as, for 
instance, varved clay, the diatactic formation of which is connected '>vith 
the melting process of the ice sheet ( Al:RA~ro 191 , BREXXER 1946). Closer 
to the channel of the Vuoksi, from the place where the flood sediment is 
70 cm. thick, I have taken two samples in order to determine the granula-



























Fig. 30. Grain-size cumulative diagram as explained in the text. 
Broken line denotes deeper sample. 
tion (Fig. 30) . The grain-size cumulative diagram indicates that the grain-
size distribution of the deeper specimen (55 cm.) is finer than that of the 
upper sample (35 cm.) , which is less uniform. This phenomenon can be ex-
plained by the fact that the material deeper down originated from the clay 
near the channel of the Vuoksi; the surface materials, however, contain par-
ticles from the coarser sediments from underneath the clay. Particularly the 
grain-size distribution of the sample at the level of 35 cm. is very uniform, 
thus resembling a typical moraine cumulative curve. The overlying sediment 
contains more coarser fragments closer to the channel of the Vuoksi. 
Judging from the cumulative curves dra'IVTI on the basis of the surface 
sediments of Linnansuo bog, we can conclude that the materials it contains 
are of secondary origin. This is because they formed at a time when the erosive 
waters of the Vuoksi removed particles from the clay layers and other se-
diments along the channel. These particles then became stratified on top of 
Linnansuo bog. This drift can thus be considered as a kind of symmict clay 
containing plenty of fine sand and silt. 
To determine the age of the bog I have taken a series of samples out of 
the wall of an open ditch in the southeastern corner of the bog at a level of 
63 meters. The flood sediment here is only 2-5 cm. thick. I presume that 
during the formation of the sediment erosion was unimportant. The site is 
also favorable because after the regression of waters, a layer of peat formed 
on top of the bog. Considering all the above mentioned facts, here one would 
expect to find uniform pollen sedimentation from the growing time of the 
bog until modern conditions. 
Pollen diagram 20 indicates that the development of the history of the 
forest here has been about the same as in the west. But the diagram distinctly 
reflects that the area is situated more in the east, because the Picea curve 
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Fig. 31 Pollen diagram 20. Linnansuo bog . 
is uniform beginning from the Late-Glacial period, there are fe~.- rare deciduous 
trees, and their uniform curve is especially strong even at the level of the strong 
maximum of the Picea curve. Because of these eastern characteristics, the 
diagram can be partly connected with other diagrams of the investigation 
area and, besides, with the material of the Carelian Isthmus (HYYPPA 1932 a 
and b , 1933, 1942) , even with that of the vicinity of Leningrad (MARKOW-
PORETSKY 1935). The bottom of the diagram consists of a big Betula maximum 
which is divided into two separate parts with the Pinus curve intruding (cf. 
Diagram 3). The lowest part may, however, belong to zone Ill, the NAP-
amount here is over 100 % -We can thus establish that the lowest clay formed 
during the Younger Dryas period and the thin layer of mud, Equisetum peat 
and Bryales peat above it, started to form in the Pre-Boreal zone IV period. 
On the basis of these investigations we cannot say for certain whether Linnan-
suo bog has been a bay of the sea (HELLAAKOSKJ 1938) and then isolated 
as a lake, or not. According to SA~IO (1958) the Yoldia Sea just about 
reached this elevation. More recent preliminary investigations show (HYYPPA 
1960) that about the time of the formation of the lowest clay the place was 
covered by the deep water of the Gothic-Glacial Yoldia Sea. Because nobody 
has performed more exact investigations at Vuoksenniska, we have to rely 
on the results obtained from the island of Kattelussaari. According to these, 
the question concerns a sediment formed in deep water. The time of its format-
ion is connected with the final stages of zone IlL 
Zone V can be seen slightly in this pollen diagram. Sphagnum peat formed 
during the Boreal period. It ends at a level where the Alnus pollen curve 
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nses rapidly. In zones VI, \ ;II, and \'III , forest peat gren· here. Where it 
survives, one can find plenty of cell tissue of lea,·es as n·ell as pieces of '"ood. 
During the time in question there was a Central-European Sumpf-type of a 
bog here. The curves of rare deciduous trees do not giye a good starting point 
for zone division. The uniform rise of the T ilia curYe, which has proved to be 
synchronous in the comparati,·e profiles of the im·estigation area, means, 
however, the beginning of zone VII. 
Some time before the strong rise of the Picea curve a thin layer of flood 
sediment formed on forest peat. Along with the rise of the Picea curve, the 
Pinus curve also rises at this level, but the Betula and Alnus curyes falL These 
features have usually been connected ni.th the zone change VIII/IX. The 
relatively great amount of Tilia , even abo,·e this limit, is a local feature , \Yhich, 
howeveris very typical in the south east, on the Carelian Isthmus and further 
on in the vicinity of Leningrad. 
According to diagram 20, the flood sediment has formed some time before 
the zone change VIII/IX. When comparing this result with the diagrams of 
HELLAAKOSKI (1936), we can notice that the lo\Yer border of the sediment 
layer is drawn on different levels in the pollen diagrams. This is a n obvious 
conflict, which can be explained by the aforementioned erosion hypothesis . 
Near the channel of the Vuoksi, where HELLAAKOSKI obtained his profiles, 
the flood erosion was so strong that it wore off material , which corresponds 
to at least 500 years. 
Further to the east there was no erosion worth mentioning; the flood 
sediment fell gently on peat. Besides, t he place remained moist long after 
this, because embogging has started again. Solitary finds of T ypha latijolia 
pollen bear evidence to the fact that the vegetation has been rather luxuriant. 
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grain-size cumulative curves are drawn. All the diatoms are fresh water forms, 
among which there are equally plankton, epiphytic and benthos forms. The 
great amount of secondary diatoms indicates the origin of the sediment, and 
the abundance of different species, shmYs that they originated from a greater 
lake. 
F ormation time of the V ~to!?s i 
According to the stratigraphical investigations performed on Linnansuo 
bog in Imatra, the Vuoksi was formed close to the zone change VIII/I X. The 
result is in accordance ·with the investigations of the shore bogs of Lake Sai-
maa. AARO HELLAAKOSKI has compared the formation of the delta of Jii.ii.ski 
with that of the Vuoksi. He has also im·estigated the construction of the delta 
as well as the surface topography and performed pollen comparisons (1938). 
Because this place can no more be reached by Finnish investigators, an attempt 
must be made to combine pieces of information published by HELLAAKOSKI. 
Among other things, he has performed pollen analyses of the Detritus layers 
of the delta. To a great extent their pollen represent the Post-Glacial flora , 
and it is difficult to find interglacial or older pollen grains. The averages of 
the analyses of the pollen samples taken out of the delta of J ii.ii.ski show the 
following figures: Alnus 4.25 %. Betula 13.25 ~0 , Picea 17.75 %. Pinus 63.5o %. 
Corylus 0. 25 %. Quercus 0.25 °6, Tilia 0.2 5 ° 0 , and Ulmus O.so %-If we compare 
these percentages with the pollen statistics of southern Lake Saimaa, the pollens 
have percentages such as occur at the end of zone VIII and at the beginning 
of zone IX. HELLAAKOSKI points out that the pollen of the delta of Jii.ii.ski 
are a mixture of Litorina and Pre-Litorina periods. This should be the case, 
for it is probable that when the Vuoksi broke through, it also carried along 
these older bog layers through which it broke. Then we should find, however, 
more pollen grains of rare deciduous trees or the amount of Betula should be 
correspondingly higher. HELLA.A.KOSKI pays special attention to the existence 
of the pollen of rare deciduous trees, particularly Corylus, in the delta sediment. 
But today we know that in the history of southern Lake Saimaa, rare deciduous 
trees occurred in the Sub-Atlantic period quite frequently, so this kind of 
conclusion alone cannot be considered as reliable . It is obvious that most of 
the pollen here are primary pollen. Thus they show the pollen conditions 
during the time of the formation of the delta. This question could certainly 
have been solved by a study of the rnicrofossils of the muddy clay layer of 
the erosion kettle of iemenlampi pond, but HELLAAKOSKI has not published 
its pollen diagram. He mentions, however, that the mud contains pollen from 
the time after the Litorina period. 
According to HELLAAKOSKI, the level of the delta of Jaaski varies from 
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Fig. 32. Time-gradient curve (see text ). 
15.5 m. to 23 meters. On the proximal side its level is approximately 21 - 22 m., 
and on the distal side 15.s m. 
Because of such great differences in elevation in the delta, it is difficult 
to connect it with the history of the Baltic Sea and Lake Ladoga without 
investigation, particularly because there is conflicting information concerning 
the location of these waters in ]iHiski (Aruo 1915, HYYPPA 1923, 1937). 
According to HYYPPA (1950) the isobase of 20 meters, belonging to the Lito-
rina period, crosses the Jii.ii.ski area. If we take the lowest value of the delta: 
15.5 m. as the point of comparison, LIV would also have reached the place 
along with LIII (HYYPPA 1937). LIV is the latest known shore-line from the 
Litorina period close to the beginning of the Post-Litorina period. With the 
delta of Jii.ii.ski we have thus come to the same conclusion, according to which 
the V uoksi was formed toward the end of the Litorina per·iod. 
One of the methods of defining the formation time of the Vuoksi is to use 
the so called time-gradient curve (RAMsAY 1926) . This means that one has 
to take for granted that the age and the amount of tilting of a group of ancient 
shore-lines of different ages is known (Fig. 32). For this purpose a system of 
co-ordinates has been drawn up. The abscissa indicates the time in thousands 
of years. In the ordinate, the gradient has been expressed by cmfkm. For 
purposes of co-ordination some gradients, the ages of which are known, have 
been taken from other sources. The gradients have been counted on the basis 
of those isobases that cross the area of investigation or that are located in its 
immediate vicinity. 
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Gradient of The E chineis Sea 4 7 cm 1 km about /000 B .C. (SAURAMO 1958) 
-•- Ancylus Lake 28.5 -11- 6000 B.C. (HYYPPA 1942) 
-»- Litorina I 19.3 -11- 5000 B.C. (HYYPPA 1950) 
The shores 1-4ab are included. Their gradient is 61 cm/1 km. in the 
investigation area. The age has been estimated above to be 7900 B.C. Thus 
~,·e get a group of following points in the co-ordination: 
Shore phases 1-4ab 
Echineis L a ke 
a 
b 




Because the gradient of ancient shores is generally known to get smaller 
toward modern times, the points a-d can be connected by drawing a curve, 
which, at the same time, slopes gently down toward point 2 on x-axis. Thus 
we get a curve, the rapid rise of which begins about 5000 B.C. or about the 
time of the Litorina Sea, as we can see in the diagram. The gradient of Suur-
saimaa stage is 9 cm/1 km. in the investigation area. This is marked with 
point e in the co-ordination, which shows the year 1800 B.C. on the x-axis . 
The estimation becomes remarkably smaller, if we substitute for the gently 
sloping curve a straight line, connecting the points d-e. According to the 
diagram the age of the shore of Suursaimaa will then be 1250 B.C. If we 
take into consideration the noticable land tilting, which decelerates toward 
modern times, the latter case is wrong and the corresponding age estima-
tion is not reliable . 
The shore of Suursaimaa has been proved above to represent the last 
stage of Lake Saimaa before the formation of the Vuoksi. We can thus 
conclude that the formation of Vtwksenniska happened about 1800 B.C. This 
differs somewhat from the results of RMISAY - 1650 B.C. - which estimate 
has been arrived at by the same method, although the estimations of the ages 
of shore-lines have then not always been in harmony with modern opinions. 
There is also a difference of 700 years between this estimation and those of 
HELLAAKOSKI and SCHJERFBECK, on which literature often depends when quot-
ing the age of the Vuoksi. 
In the diagram describing the forest history, the formation of the Vuoksi 
occurs a little before the zone change VIII/IX. This means that as to its age 
the zone change VIII/IX, determined by forest historic events, does not 111 
this study correspond to the estimation of South Finland made by SAURMW 
(1958), but it is about one thousand years older. In pollen diagrams of the 
area under investigation the year 00 B.C. is in southern Lake Saimaa and 
among the Salpausselka ridges and eskers right below the great spruce maxi-
mum. In the moraine areas it is apparently a little lower. 
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The causes of the formation of Vuoksi 
The causes for the outbreak of the \ -uoksi are purely geophysical. A very 
important fact is the continuous rise of the water level at Vuoksenniska, in 
spite of the favorable location of Rutola outlet channel. At the end of the Sub-
Boreal period the transgression was strengthened with the help of increasing 
precipitation, which led to the fact that the aboYe mentioned channel was no 
more able to level out the rise of waters in the south. Tbis is why the water 
level rose close to the eleYation of Salpausselka., at its lowest point by Vuoksen-
niska. 
Although we do not know anytbing about the form of a possible natural 
dam at Vuoksenniska and we cannot exactly define the deposits therein, it 
was probably not necessary for the waters to rise aboye tbis natural dam in 
order to break an entrance into Lake Ladoga. The reason for the breakthrough, 
besides the rising waters of Lake Saimaa, was an increasing humidity of the 
climate. Entering of water into dam material increased pore water p ressure 
in the dam material of down-stream slope. Generally it reached its bighest 
values during long periods of rain. Therefore, changes occurred in the stability 
of the dam. These changes finally broke down the slopes of Salpausselka. 
Additional factors apparently were erosion by rain ·water and dynamic pressure 
of ground water directed out of Lake Saimaa into the Imatra falls. 
The waters broke their way toward Imatrankoski in at least two places. 
SEDERHOLM (1910) and SCHJERFBECK (1925) refer to the existence of an earlier 
outlet. Even today a second erosion channel is Yisible at the mouth of the 
Vuoksi east of the river bed. Tbis joins the main channel at a short distance. 
It dried up, however, early in the bistory of the Vuoksi. From tbis side-channel 
we can draw the conclusion that right at the beginning, the starting point of 
the Vuoksi was broadened . The " ·all , damming up Lake Saimaa, broke down 
at several places. 
When the Vuoksi tried to find a suitable channel tmYard Imatra, it bad 
to flow over clay and moraine lands. It was much broader than today; the 
pot-holes, bigb on the rocks on the east side of the Imatra falls, prove this. At 
the place where the rapids are today the rate of flo\\· increased rapidly. The 
erosion of bedrock was parallel with the strike, wbich made the rapids sharp 
and straight-lined. Tbis might have inspired PER BRAHE to say that the Vuoksi 
could be man-made and not created by nature (PADIE::\ 1909). 
The regression caused by the break of Salpausselkii. occurred gradually. 
Tbis is indicated by small shore formations, found underneath the shore level 5. 
If we place them on the distance diagram, they do not indicate the gradient 
typical of old shore-lines. They show about the same gradient as the shore 
level 5. The gradual regression ·was caused by the circum tances in the breaking 
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Fig. 3:3 . Pollen diagram 21. The shore bog of Lake Kidjiirvi 
area of the new channel. Loose drift was probably washed out by the powerful 
flow . Thus the "'·ater level fell abruptly right at the beginning. The regression 
slowed down, when erosion reached hard rock surface. The result of a slower 
erosion of rock allO\.ved temporary floods of Lake Saimaa to leave their marks 
on gently sloping beaches below shore !eYe! 5. 
So far it has been impossible to proYe the extent of the regression of Lake 
Saimaa. In most cases the regression is noticeable in the stratigraphy of the 
shore bogs of the lake. Limnic deposits become coarser, telmatic or terrestric. 
In bogs which have remained deeper down in Lake Saimaa, the regression has 
sometimes caused no changes. According to this the regression cannot have 
been very sudden and violent; it must haye happened gradually, as has been 
concluded from the studies concerning the Yuoksi and ancient shores. 
Kivijarvi water cour e as an outlet of Lake Saimaa 
In the village of Rutola , the parish of Lappee, at the head of the bay of 
J okilahti (or Rovonlahti), there is a low threshold dividing the waters of Lake 
Saimaa and Lake Kivijarvi. South of the road bridge of Rutola toward the 
ponds of Myllylampi and Kiirenlampi there is a valley along which the waters 
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of Lake Saimaa are generally presumed to ha;-e flown towards the Kymijoki 
river before the opening of the Vuoksi. On the shores of Karenlampi pond 
there is a vast shore bog, which was investigated by AARO HELLAAKOSKI 
in 1936. The bog is very shallow and its stratigraphy reveals some facts of 
the conditions during the Sub-Atlantic period. 
In order to obtain material to study the problems concerning the age of the 
outlet, I have performed borings of the bogs around Lake Kivijarvi. The in-
vestigations have shown that a considerable transgression took place in Lake 
Kivijarvi during the period when the waters of Lake Saimaa rose sharply on 
the northern shore of the first Salpausselka. 
The shore bog of Lake Kivijiirvi 
The bog investigated is situated in the parish of Luumaki near the high-
way. The bog profile (diagram 21), which will be described later, has been 
bored from the vast shore bog at a place where a long, shaky sedge raft joins 
a thicker layer of peat closer to the shore (investigation area XXII). The 
series consists of a layer of limnic mud, which has formed on 10 cm. of sand. 
This has been covered by Carex peat. At the depth of 230 cm. Carex peat 
turns into Sphagnum peat, which is mixed, above the level of two meters, 
with material dominated by Carex. At the Geological Institute of the University 
of Helsinki large amounts of Carex rostrata seeds have been found in the samples 
representing the depths of 170-200 cm. This proves that the sample is telmatic 
peat. Above the level of 170 cm. there is terrestric Sphagnum peat which 
contains a great deal of Mttsci- and Eriophorum remains. 
According to the stratigraphy and pollen diagram, we can conclude that the 
bog grew under the influence of the transgression. Limnic mud formed in zone 
VII. Telmatic Carex peat formed upon it. Because of the influence of the slow 
transgression, Sphagm~m peat also grows in the place. It develops telmatic 
features in the middle of the zone. The transgression was stronger than the 
growth of Sphagnu.m peat, which explains the finds of Carex vegetation. A little 
before the zone change the peat becomes terrestric, which signifies the fact 
that the shore bog is no longer subaquatic. The above described profile shows 
that the transgression started in the basin in zone YII. Because no sudden 
changes take place in the bog stratigraphy, it is difficult to estimate, on the 
basis of this profile alone, how great and ho\\. fast the transgression was. The 
existence of Sphagnum peat, starting from the depth of 1 0 cm., indicates that 
on this level the rising water has smoothed out considerably. Because the 
shore bog is located at present quite close to the water, we can draw the conclu-
sion that the growth of the Sphagnwm peat of the surface parts was caused 
to a great extent by the slow transgression of Lake Kh-ijan-1. 
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Fig. 34. Pollen diagram 22 . Lahnajar d shore bog. 
Lahnaiiirvi shore bog 
Lake Lahnajarvi, situated west of t he parish of Lemi, belongs to the water 
course of Lake Kivij arvi, which flows into Kymij oki river. A small brooklet 
flows out of it into Lake Kivijarvi . This brooklet crosses a narrow ridge se-
parating the lakes. On the northern head of the esker, on the side of Lake 
Lahnajarvi, there is an embogged esker valley, the waters of which join Lake 
I 
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Lahnajarvi and the brooklet during high tide (Innstigation area XXIII). 
At the mouth of the brooklet samples of the bog were taken for closer 
examination (diagram 22). The deepest sample examined was takenat 470 cm. 
down where silty sand and mud meet. The layer of fine mud is 12 cm. 
thick and becomes coarse at the depth of 453 cm. This layer, 5 cm. thick, 
is covered by 10 cm. of shore peat, which is covered by Bryales peat.On this 
peat there is 35 cm. of both coarse and fine Detritus mud. After that comes 
a layer of Bryales moss , which becomes mixed with Sphagnum from the 
depth of 355 cm. upwards. At this depth the wood was found. 
The pollen of this bog profile proved to be very rich and exceptional. 
Rare deciduous trees have left an abundance of Fraxinus and Populus pollen 
grains. They have been found in such a number that different curves have 
been drawn to represent them in the diagram. Along with these rare pollen 
some Carpinus and Fagt's pollens have also been discovered. 
The pollen diagram of the shore bog of Lake Lahnajarvi reflects clearly 
the forest history of the vicinity. The stratigraphical changes are identical 
with those of the series bored at Luumaki. The first ''-'holly organic sediments 
formed on the bottom of the basin before the uniform rise of Tilia pollen curve 
at the end of zone VI. Fine mud contains plenty of diatoms of the genera 
Pinnularia and Cymbella. These signify acid, shallow water, which is filling 
up (M6LDER 1937). T etracyclus lacustris, which is a typical bottom form of 
cold water, is also significant (l\I6LDER orally). In shore peat the amount of 
Pinnularia grows bigger. Bryales peat covers the limnic sediments at the 
beginning of zone VI. Simultaneously the QM-curve, " ·hich represents aU 
the registered pollen of rare deciduous trees, rises mainly because of the 
abundance of Populus pollen. During this zone limnic sediments, containing 
a number of diatoms, start to form on peat. Further below in coarse mud 
e.g. Cymbella aspera and M elosira specimens were found. The latter grow 
in great abundance in fine mud. 
At the level of 360 cm. the Ulmus curve falls and the uniform curve of 
Tilia breaks. The QM-curve falls and the gentle rise of Picea begins simultane-
ously. 
On the basis of this evidence, the zone boundary YII/VIII belongs to this 
level. During zone VIII limnic sedimentation stops and Bryales peat gathers 
on it. The sudden fall of Alnus curve indicates the lowering of the water 
level. In zone IX, the Ql\I-curve is low, but continuous. The pollen curves 
of individual rare deciduous trees break now and then. The upper part of 
the bog contains Bryales peat which is dominated by phagtmm. 
On the basis of the bog stratigraphy we can draw the conclusion that the 
waters filled Lake Lahnaj arvi and also the basin of Lake Kivijarvi, located 
nearby, in zone VI. Apparently this was caused either by a general rise of 
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ground waters or a flood, which follo"·ed the tilting of Lake Kivij arvi basin . 
Another significant transgression begins in this bog in zone VII and continues 
in zone VIIL Because this transgression occurs simultaneously with the slight 
slowing down of the transgression of Lake Saimaa (cf. Luhtalampi pond, 
investigation area X), we can conclude that there is a casual connection be-
tween these phenomena. Now it is possible to prove stratigraphically that the 
water course of Lake Kivifiirvi , which AARO H ELLAAKOSKI considered as an 
o~nlet channel of Lake Saimaa, actually functioned in the wa"n period as a 
channel for the waters into the K ymijoki river and the gulf of Finland. When 
the outlet broke into the 'vater course of Lake Kivijarvi, can be indicated 
only by the upper limit of the mud, in the middle of zone VIII, because even 
the Bryales peat still contains diatoms. This drift is telmatic at the boring 
site and the bog thus was subaquatic in the middle of zone VIII. The flowing 
water carried the piece of wood, which was found at the depth of 353 cm. 
Before the zone change VIII/IX the waters sank, however, below the bog 
level. This is proof that the waters of Lake Saimaa did not flood any longer 
in the water course of Lake Kivijarvi. A new outlet started to function in 
Lake Saimaa. Because of this the waters sank so much that the threshold of 
J okilahti-Karenlampi dried up. 
According to the opinion of DO)."XER the channels of Jiatkuslampi, Karen-
lampi and Vuoksenniska were all formed at the zone change VIII/IX (Dox~ER 
1957) . On the basis of this profile, however, the channel of Karenlampi at Ru-
tola was functioning as early as after the middle of zone VII but did not greatly 
affect the transgression. The Rutola channel started to function after the 
middle of zone VII, which corresponds to about 2500 B.C. in respect to the 
C 14 datings in diagram 25. The estimation is in complete harmony with that 
of WrLHELM RAMSAY (1926), calculated on the basis of the time - gradient 
curve. 
The riddle of tree stumps 
It has been known since olden times that in southern Lake Saimaa one 
can find fallen trees and tree stumps under water. HELLAAKOSKI mentions 
among many others that he has found some of these at Kylanniemi. He says 
that in a way they prove the transgressive character of Lake Saimaa. 
I have found subaquatic tree stumps in the areas I have investigat ed . 
This has often been due to the low water of the summer of 1960. The water 
level of Saimaa, which is normally about 76 m. was then 0. 5-1 m. lower. The 
same kind of tree stumps can also be found on the western shore of Lamminlahti 
pond in the island of Kattelussaari , close to the mouth of the bay, where their 
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remains can be seen during low water. The same kind of stumps can be found 
on the eastern shore of the island of Kuivaketvele, on the southern shore of 
Jauhiala point, in Taipalsaari and in Karivesi (Fig. 55) in the village of Tukiala 
in Taipalsaari . The stumps have been best preserved perhaps in Viskarila in 
the bay of Taipaleenlahti, where they can be found in many places on the 
shallow, sandy beaches of the bay, partly subaquatic, partly a little above 
the water surface (Fig. 55). The stumps have also kept well in Lampolahti bay 
in Lauritsala between the small rocky islet of Hartikanluoto and the bigger 
island of Lamposaari. The many stumps here are rooted strongly deep down 
in the sandy beach (Fig. 52-54). In addition to those which are close to the 
surface, there are also stumps that lie deeper 0.5 m. under the surface (the 
one farthest below 74.1 m.). Pieces of one of the stumps were taken for C 14 
dating. The wood was very hard and the color was reddish yellow. 
One can also find tree stumps which are very well preserved on the northern 
shore of the island of Martinpii.ii. in the village of Kutila in Taipalsaari. In 
calm weather they can be seen very distinctly, because the water is clearer 
than in the places mentioned before. The deepest massive stumps have been 
found nearly two meters below the normal water level. On the day of in-
vestigation the water level was at 75 m . and the top of the deepest stump 
0. 5 m. below the water level. The bottom is gravelly and rocky. The bedrock 
of the island itself is close to the surface. 
In addition to the areas described above, we know that this kind of remains 
of old forests exist also in the parishes of Puumala and Juva. In Juva they 
have been found at a much deeper level than in this investigation area. 
The subaquatic stumps have some features in common: they are very 
strongly rooted in the earth; the base is often eroded as if it had been cut 
by a saw. The erosion of the waves has definitely rounded the outlines of the 
stumps. Those parts of the stumps which are close to the surface or right 
below it, are very well preserved. Another common characteristic of the stumps 
is that they grow on sand or gravel. 
The subaquatic stumps in the shore-line diagram do not form any con-
sistent pattern. The relation between the stumps and the shore-line shifting 
of Lake Saimaa is problematic, because there are too few observations and none 
deeper down. When we know that in zone IV the water level of southern Lake 
Saimaa was considerably lower than today, remains of ancient forests , which 
covered the shores at that time, can be found at favorable places as deep 
down as at the Pre-Boreal depth of Lake Saimaa. Also after the formation of 
the Vuoksi, when the water level of Lake Saimaa sank, forests grew on the 
lands which had been subaquatic. Later on the trees might have dried up 
again. On the basis of the evolution of southern Lake Saimaa we can suggest 
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Fig. 35. Pollen diagram 23. Voisalmensaari shore bog. 
that the stumps are the older, the deeper down they are found in the part 
of Lake Saimaa which is closest to the first Salpausselka .. 
Does the transgression continue m southern Lake Saimaa 
after the outbreak of the Vuoksi? 
Three causes were mentioned above which effected the changes in the 
water level of Lake Saimaa after the Ice Age. These three factors are: land 
tilting, the gradual shifting southwards of the outlet channels, caused by the 
first factor, and changes of climate. Humidity of climate and land tilting do 
still have an influence. According to geophysical investigations land upheaval 
is 4.3 m.mfyear (KAARIAI::-<EN 1953) in Lauritsala. According to SIREN (1951) 
the yearly difference in land upheaval is 0.7 mm. between the village of Juuri-
salmi of Ristiina (5 .o mm/year) and Lauritsala. (It has been explained more 
closely on page 86 as a yearly estimation 0.67 ± 0.14 mm.). Because Juuri-
salmi is located in the direction of stronger land upheaval when compared 
with Lauritsala, the difference in elevation causes transgression in the south. 
This has been clearly demonstrated in the curve drawn by SIRE:-< (page 87). 
This is founded on observations concerning the water level, performed during 
52 years - from 1896 to 1948 - in Juurisalmi and Lauritsala. SIREN's study 
proves the fact that a transgression is possible, if the basin is big enough, 
although the outlet channel is in an area where land upheaval is least 
discernible. The total estimation of land upheaYal in the south during those 
52 years is 52 X 0.7 mm.= 36.4 mm. , provided that the movement has been 
smooth. 
The transgression after the outbreak of the Vuoksi seems actual at least 
in Lapveden Saimaa, which is indicated by some of the bog profiles (diagram 8) 
examined above. Some time after the middle of Sub-Atlantic period there 
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Fig. 36 . Pollen diagram 21 .. 50 m . outside Yoisalmensaari 
shore bog towards the island Muurahaissaari. 
occurred a sudden flood, which can be seen in the profile of Suolahti bog, but 
the growth of the strong bog layer was caused by the transgression of zone IX. 
The thick telmatic bog of Kariniemi (diagram 7) is also difficult to explain 
without taking the transgression for granted. The pollen of both profiles 
indicate distinctly that peat started to grow after the outbreak of the Vuoksi 
or during the zone IX period. 
Another special shore bog, has been found in the island of Voisalmensaari. 
The shores of the bay are covered by a layer of sand, which became thinner 
towards the water. On the western shore a layer of peat was found under the 
sand. Deeper down under the peat there was sand and mud. 
A profile, which contained 90 cm. of sand from the top downward, was 
bored close to the water (diagr. 23). The sand covered a thin layer of Equiset~~m 
peat, which turned into 90 cm. of Carex peat. Right at the bottom there was 
clayey mud, fine sand and clay. 
Another profile (diagram 24) was bored from the ice in spring. The boring 
site was 50 meters away from the site mentioned above towards the island of 
.M:uurahaissaari, situated in the middle of the mouth of the bay (investigation 
area XXV). The series contains a subaquatic layer of 50 cm. of fine mud lying 
on a fine sandy bottom. Under it there is silty clay. If we compare the pollen 
diagrams of both series with diagrams 1 and 2, \Yhich are from the same island, 
we will notice that the layers belong to zone IX. The layer of sand in diagram 
28 has been carried by the waves and washed on the peat by a flood. As to 
their age both profiles are equally old. The sedimentation, which has occurred 
in the middle of the bay, has been rather calm. 
According to diagrams 7, 8 and 23 we can conclude that the water of Lap-
veden Saimaa rose after the middle of zone IX and the amount of the trans-
gression here was about two meters. With the help of the stratigraphy and 
micropaleontology we have thus been able to confirm SIREN's investigations. 
Now we can answer the question, whether the rise of the water in southern 
Lake Saimaa is still continuing after the outbreak of the Vuoksi, as follows: 
ACT.-\ BOTAXICA FENKICA 64 103 
after the formation oi the Vuoksi, water still keeps damming up m Lapveden 
Saimaa, tlms cattsiug positive shore shifting. 
Otherwise it is difficult to explain satisfactorily the existence of the young, 
subaquatic, sand-covered peat formations. Neither is it likely that when the 
water surface is stable, telmatic and limnic layers could be formed as strong 
as those found in Kariniemi for instance (diagram 7, p. 44). 
By investigating ancient shores we can draw the conclusion that after the 
formation of the Vuoksi a regression of two meters occurred in Lake Saimaa. 
The sand of Suolahti bog, which, as to its granular composition, points to 
ordinary littoral accumulation, also shows signs of the fact that the regression 
must have been greater than two meters. According to diagram 8 the water 
level sank at Taipalsaari close to the zone change to the level of about 75. 5 m. , 
~Yhich corresponds to 74 meters in Lauritsala. During the time in question 
the total regression of waters would thus have been a little over six meters 
in Lauritsala. 
The influence of the transgression on the evolution of forests 
It has already been mentioned that the continuous rise of waters in southern 
Lake Saimaa has ele\·ated the surface of ground water in shore areas. This 
has made the shores favorable for rich vegetation. This can be seen especially 
well in the profile diagram of Ritasuo bog (diagram 19, p. 76). 
Although the positive shore shifting has partly furthered the growth of 
lush vegetation, it has also been a destructiYe factor. Sunken bogs and sub-
aquatic tree stumps are \\-ithout doubt a particularly good proof thereof. 
The disappearance of rare deciduous trees on the shores of Lake Saimaa 
during the zone limit \ .III/IX cannot be explained as having been caused 
merely by change of climate. The last rise of waters has partly destroyed the 
areas where they gre\Y, and the final regression has also caused destruction . 
This phenomenon is distinctly noticeable also in the Alnus curve, which falls 
rapidly during the above mentioned zone change. The fact that the changes 
of water level has really had a destructive influence on trees, growing on the 
shores, can be explained by the bog profiles taken in lakeless areas or at higher 
altitude than Lake Saimaa. In these profiles the pollen curves of rare deciduous 
trees do not break so abruptly; instead they disappear gradually and become 
dominated by pine and spruce. The influence of man on the development of 
forests is locally seen in the pollen diagrams of zone IX. 
The following table presents the main e\ ents of some trees in the in-
Yestigation area. They are presented as pollen curves according to ]ESSE)<'s 
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zone division. The forest history of southern Lake Saimaa is compared with 
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Comparison of the history of different lakes 
Lake Saimaa is one of those lakes that have experienced Post-Glacial 
gradual shifting of outlet channels from northwest to southeast. Other clas-
sical examples are Lake Paijiinne and the Puulavesi lake group. 
The transgression of southern Lake Saimaa began soon after it became 
isolated from the Baltic Sea. The following table dates the isolation of some 
of the larger lakes as well as their proved transgre ions compared ·with the 
pollen analytical zones. 
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Lak e I Isolation I Century B.C. I Transgression 
Lapveden Saimaa IIIJIV 7900 IV-VIII /IX 
Hoytiiiinen I V 6800 (A.UER-
SAURAMO 1928) IVb-IX 
Puulavesi IV 6800 (HELLAAKOSKI 
1928, SAURAMO 1958) V /VI-IX 
Vanajavesi V 6000 (AUER 1924) V-IX 
Pitij iinne V 6000 (.A.·\RIO 1936 , 
SAURAMO 1958) VII-VIII /IX 
Lake Ladoga, the connection with the Litorina Sea having been dated in 
different ways (nE GEER 1894, AILIO 1915, MARKow-PORETSKY 1935, HYYPP.~ 
1942, BISKE-GORN'UJOVA-LACK 1959), had a t ransgression during the Litorina 
period, which, according to HYYPPA (1942), ended at the end of the said 
period in the formation of the Neva river. In the chronological table (HYYPPA 
1960) it corresponds to the time 1200-1300 B.C. About the same time a new 
outlet channel was formed in Lake Paijii.nne. In the Ancylus period this lake 
was probably connected with Lake Saimaa and they shared an outlet channel 
at Lake Kotajii.rvi. The developement of the two lakes was determined by 
tilting of the basin, although the water level of Lake Paijii.nne sometimes fell 
instead of rising at the beginning. The transgression did not start in the south 
until the period of the climatic optimum (SAURAMO 1958). The formation 
of the Vuolekoski rapids in 1400 B.C. (AARio 1936) was a result of this. In 
spite of the slightly different developement of southern Lake Saimaa the latest 
outlet channel of Lake Pii.ijii.nne is only 400 years older. 
In the development of the two big waters, Lake Pii.ijii.nne and Lake Sai-
maa, the time difference of their isolation deserves special attention. This has 
been explained as having been caused by the shifting of the shore-lines of the 
Baltic Sea, which has occurred unevenly in these areas. This study proves 
that a transgression occurred in Lake Saimaa during the Ancylus period. For 
good reason one could expect to find a corresponding phenomenon also in 
Lake Paijii.nne, although the direction of the lake, with regard to land tilting, 
makes it difficult to notice the event. 
The connecting channel leading out of Lake Saimaa into Lake Pii.ijii.nne 
may have been the Mii.ntyharju water course during the Ancylus period. 
A critical place for the connection is a threshold situated in the town of Hei-
nola. In the said period the waters of Lake Saimaa could have flowed into 
the Kymijoki river through the lakes of Vuohijarvi and Pyhii.jii.rvi as well as 
along the Vuolekoski rapids. Closer examination of the pollen and the strati-
graphy of the shore bogs below Vuolekoski might shed new light on the 
problem. 
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The formation of the last channels of Lake Saimaa and the above men-
tioned two big lakes happened approximately simultaneously. This can be 
explained by factors like land tilting, and topographic features of the southern 
areas of the lakes. As HYYPPA (1942) said, increased precipitation, which is a 
common climatic characteristic of both, must not be overlooked. As to the 
transgression of southern Lake Saimaa the influence of precipitation is 
noticeable at the end of the Sub-Boreal period and during the zone change 
VIII/IX, when the aforementioned outlet channels were formed. 
The western water connections of Lake Saimaa in the Ancylus period are not kuown 
so far . Using the curve of shore shifting on the isobase of 84 m on Lake Saimaa, we can 
prove graphically, with the help of Ancylus gradients (R.utSAY 1 9~6. 4.5 m / 10 km . or 
HYYPPA 1942 2.85 m /10 km. ), tha t in the parish of Ristiina the waters were at tha t time 
high enough to flow o,·er the thresholds leading westwards. In the channel of Matkus-
lampi, then the water leve l was 96 m. during the greater gradient and 8/ m . during the 
smaller gradient. At the thresholds the depth of water is 11 m. or 3 m. 
According to SAURAMO (1958) the Ancylus isobase is 77 m., at \ "uolekoski which 
nearly corresponds to the theoretic Ancylus isobase of Lake Saimaa 96 m . or 87 m. at the 
:.\Iatkuslampi pond. Thus it would be clear that the wa ter leve l of Lake Saimaa would 
certainly have been higher than that of the Ancylus Lake or Lake Paijiinne. In zone \ " 
t e waters of Lake Saimaa then apparently flowed temporarily into the Mantyharju water 
course a t Ristiina. Another possible connecting outlet into L ake Paijiinne was by the 
thresholds of Lake Saimaa side of Lake Kuolimojarvi, which is situated in the village of 
Rantasalo in the parish of Savitaipale (see FRosTERUS 19 13) . The connection would have 
led northwest through La ke Vaanijarvi into Lake Kuhajarvi and then through Lake 
Kallavesi toward Mantyharju . 
Relations between N eo lithic shore settlement and the shifting 
of the shore-line in the investigated area 
Stone Age dwelling places 
On the basis of different finds it has long been known that in the district 
of southern Lake Saimaa there was a big Neolithic settlement. People tried 
to settle down in places where the conditions were favorable, as in sandy 
beaches situated close to eskers. According to archeological studies these settle-
ments represent the comb-ceramic culture of the Stone Age. A characteristic 
feature of this culture are pieces of burnt, earthenware pots, which were 
decorated with comb-like figures (LuHo 1948). 
Archeologists have performed investigations in these dwelling places and 
the finds have generally been left in the custody of the rational 1useum. 
Indications of many new settlements have been found lat ely in addition to 
the well-known dwelling places. Unfortunately the archeologists have not yet, 
however, had a chance to investigate them more closely. 
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The most remarkable archeological find is from the southern sandy beach 
of the island of Mikonsaari, about three kilometers north of the shore of the 
city of Lappeenranta. J. Aruo (1931) found pieces of earthenware pots at 
an elevation of 80.5 m. The lowest level where objects have been found appears 
to represent the local maximum water level of Lake Saimaa in the late Litorina 
period (MEIXAKDER 1947). According to a rcheological chronology (AvR.~­
r.:\A. 1930) these burnt decorative remnants are t ypical examples of comb-
ceramics and belong to style division II : 2. 
Further east in the island of trasaari, situated about 2.a km. northeast 
of the mouth of the Saimaa Channel , SAKARr PA.tsr (1938) found pieces of 
ceramics 1. 3 m. lower than the local Suursaimaa stage determined by AARO 
H ELLAAKOSKI. As to the decorations these objects represent the style divi- · 
sion II: 2. The lowest elevation where objects have been found is 79.1 m. 
The third study on archeological finds in the investigation area is from 
Jauhiala, which belongs to the parish of Taipalsaari, from the southern shore 
of a glaciofluvial formation . The remnants of ceramic pots found in a place 
called Vaateranta also belong to II: 2 in respect to their style. According to 
J. Aruo (1930) the lowest level of finds is 77.3 m., which signifies the fact that 
the ancient dwelling place was situated more than three meters lower than 
the Suursaimaa stage. 
The pieces of ceramics found among the sand in :Kiirenlampi pond in the 
parish of Lappee are closely related to the area in question. In style, these 
pieces and objects of ceramics represent different stages (MEINANDER 1 9~7). The 
exact elevation where they were found is not certain, but probably they were 
located below the Suursaimaa stage. _lEINA.'\DER (1947) considers it as apparent 
that at least part of the dwelling place was flooded. 
The prehistoric settlement of Roikanmiiki in Yehmersalrni is far from the 
im·estigation area , between lakes KallaYesi and Suvasvesi and it has been 
investigated by MEI~A~DER (1947). The objects which have been found there 
represent the oldest stage II : 1 of comb-ceramics. Also this settlement is said 
to have been three meters lower than the Suursaimaa stage of H ELLAAKOSKL 
In addition to the investigated finds mentioned above there are also signs 
of other prehistoric dwelling places. With the help of the local population 
I found one in the village of Rehula in the parish of Taipalsaari, where I was 
mapping geological deposits in the summer of 1960. On the shore side of the 
newly built house of A. VALTOXEX, founded on open beach sands, a large quan-
tity of ceramic pieces and a couple of flints were found at the depth of 0. 5 m. 
~Ir. A. ERAESKO M.A. , considers the remnants of the pots, which are now in 
The ational Museum, as belonging st ylistically to stages II: 1- 2 and 
Ill: 1. By examining and comparing these ceramic pieces I have also noticed 
that these objects represent different stages of style. By performing levelling on 
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the place, I found out that the lowest level of the heap of ceramics was at the 
elevation of 8'1.5 m. This number indicates at the same time that the lowest 
place of this find is one meter below the local Suursaimaa stage (82.1 m.) . 
Following the information of ~Ir. S. KIX::\UXEX, I have found ancient fire 
places in the western shore of the island of Voisalmensaari in the estate of 
Julku. The fire places are partly destroyed partly covered by garden soil. 
Depending on the knowledge of the farmer I presumed that they were about 
3-4 meters higher than the water level of modern Lake Saimaa or at the 
elevation of 79-80 meters. Quartz pieces have also been found in abundance 
at the site. Two stone objects, a chisel and a hammer, have been brought to 
the .Museum of Lappeenranta. 
In addition to the above mentioned objects ~Ir. KL'IN UXEX has also helped 
in finding comb-ceramics and quartz pieces in the following places: the 
southernmost island of Turasalo in the parish of Taipalsaari, the island of 
Honkasaari , the district of the town of Lappeenranta, the island of Ahven-
saari 4 km. north of the village of Rutola in the parish of Lappee, and the 
village of Suomalaisten kyla in the parish of Lemi. From the above-mentioned 
places a general survey has been performed only in the island of Honkasaari, 
where quartz pieces have been found on the beach at the elevation of about 
77 - · 78 meters. No ceramic objects 'vYere found. 
Neolithic objects, such as pieces of pots, for instance, which represent the 
style stages II: 1-2 have been found , according to RoSEN (1954) in the island 
of Ahvensaari in the parish of Lappee. The lowest finds have been 1.~ m. 
above the water level and the highest finds 6.5 m. above the water level. It 
may be mentioned finally that in 1950 a stone chisel was found by ::\Ir. Rr.;sA-
XE::\. The chisel was found on the beach of a factory situated in Kaukas. It 
was said to have been found at the depth of 0.2 m. in sand about three and 
half metres higher than the water level of Lake Saimaa. In the summer of 
1960 I went to see the place, where the stone chisel was found, guided by 
l\Ir. RuSANEN. The drift, which had covered the chisel, was sand and gravel 
heaped up on the place by the wave action. The National Museum has re-
gistered the find, which is now kept in the museum of Lappeenranta. 
On the age problem of the eolithic settlement 
It is known that the definition of the comb ceramic phase of the Stone 
Age and the dating of objects from that period, is based in our country on one 
find from Vistula (AYRAPAA 1955). This ceramic object, which belongs to so 
called )>Trichterbechen> culture, is closely related to N"osswitz ceramics, found 
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in the ,·alley of the Oder. The same kind of ceramics has been found hYice in 
] ordansmiihl, Schlesien, together >vith objects, discovered in graves, which 
a ll belong to the J ordansmiihl culture, a branch of the Hungarian Tisza culture. 
For the time being these finds are considered as the oldest absolute chrono-
logical solid foundation for the Stone Age in the north. According to C. ] . 
BECKER's (1947) preneolithic period C, the time of the aforementioned finds 
is fixed to the year of 2200 B.C. Because the old typical comb-ceramic style 
has distinct identical features in Yast areas from Vistula to the Kemijoki 
river, it has thus been possible to connect the times of neolithic comb-ceramic 
cttltures in both Scandinavia and Finland. 
Fixing the time of comb-ceramics has caused different opinions, mainly 
because of the lack of necessary solid points in chronology. The geologists 
have received help from archeologists when trying to solve, for instance, the 
age problem of the Baltic Sea during the Litorina period and the Suursaimaa 
tage. The archeologists again ban got support from the geologists for their 
time estimations. HYYPPA (1935a) , for instance, has defined, on the basis of 
AYRAPA.A.'s studies (1930) the shore-lines of the Litorina Sea of the Neolithic 
settlements of Espoo. When discussing the age problem he cites earlier studies 
{RAMSAY 1926), when t ypical comb-ceramic style II is fi_"ed to the year of 
3200 B.C. Later on, HYYPPA (1950) defines the time of typical comb-ceramics 
in Lapua and Pattijoki to the year of 2250 B. C. with the help of a shore shifting 
curve, among other things. According to the studies performed by SAURAMO 
(1940) , who applied the information of AYRAPAA (1930), Neolithic settlements 
on the sandy beaches of the Gulf of Finland and the Gulf of Bothnia were 
connected with the shores of the Litorina Sea (HYYPPA 1937) in the following 
way: the older stage of early ceramics belonged to L Ill and the younger 
phase to L IV. Degenerated ceramics were placed below the former. The 
whole ceramic culture corresponds to the period of 3000-1700 B.C. The 
stylistic stage II, found in abundance in the district of Lake Saimaa, belongs, 
according to SAUR..UW (1929), to L \ ·, which corresponds with the year of 
2000 B.C. 
When trying to solve the problem of the age of the Vuoksi, HELLAAKOSKI 
(1936) also employed the archeological method of presenting evidence. Along 
with the investigation of bog stratigraphy he determined the outbreak of the 
Vuoksi to have happened between 2500-2400 B.C. and corresponding with 
the period of typical comb-ceramics and the time, when the spruce became 
general in the district of southern Lake aimaa. According to MEIKAKDER's 
(194 7) point of view eolithic settlement in southern Lake Saimaa and the 
outbreak of the Vuoksi occur at the same time. On the basis of archeological 
finds he points out that HELLAAKO Kr's (1922) shore-line of the Suursaimaa 
tage is in the southern parts of Lake aimaa younger than the comb-cera-
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mic dwelling place of Roikanmaki. Because pot remains, representing t he 
older style stage II: 1, have been found on the place mentioned above, he 
thinks that the formation of the Vuoksi has occurred during the best comb-
ceramic time, or in a period, which corresponds to the stylistic phase II: 2. 
It is not known for certain, however, how long it took for the comb-ceramic 
culture to develop (LUHO 1957). This is why it may be necessary to check 
the geological age estimations, which have, been made on the basis of archeo-
logical studies. 
Relationship between the shore-line shifting 
and the Neolithic settlement 
It is very difficult to define the locations of the prehistoric settlements in 
the investigation area in regard to the constantly shifting shore, because 
archeological material is so scant that no definite conclusions can be based 
on it. Referring to what has been said above, we know, hon·ever, that part 
of the Neolithic finds can be located distinctly below the Suursaimaa Stage 
(see Fig. 37). This fact alone and, besides, the fact that most of the finds have 
been covered by sand, indicate that a flood has washed the settlements. If 
we presume that the age 2250 B. C., given to the stylistic stage II : 1, is close 
to the right estimation, we can conclude, on the basis of the investigation 
of shore bogs, that the last stage of the P ost-Glacial transgression of Lake Sai-
maa is younger than the typical comb ceramic culture. As has been shown before, 
the formation of the Vuoksi has certainly occurred above the maximum of 
rare deciduous trees, or more exactly, close to the zone limit VIII/IX. Thus 
the comb-ceramic culture of the district of southern Lake Saimaa has to be 
connected with the time, when the outlet channel has been somewhere near 
the ponds of Matkuslampi and Karelampi of Rutola village. The remains of 
pots, among other things, covered by flood-washed sands in Saksanniemi of 
Karenlampi pond (l"lEIXANDER 1947) prove that, in spite of the functioning 
of these outlet channels, the waters have risen continuously. Thus it seems 
only natural that the shore settlement in the investigated area does not de-
monstrate any certain stage of the shore, but has moved landwards along 
with the rising waters. Thus we can find old dwelling places way down below 
the Suursaimaa stage. Since they are deep in either transgressive or regressiYe 
sediments, they can only be discovered by chance. 
Fig. 37 illustrates the shore-line of the Suursaimaa stage, based on 
the observations, and underneath it a phase of the shore of Lake Saimaa, 
presented by W. RAMSAY (1926), at a time, \\hen the waters were flmYing 
through the channel of Karenlampi of Rutola village into the river Kymijoki. 
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Fig. :Ji. Stone .\ge dwellinplaces of area investigated in dist ance diagram. 1. Ston e Age 
dwelling place 2. Comb-beramig st age 3. Shore-line. 
The archeological finds of southern Lake Saimaa have been located in the 
same diagram. In the diagram we can see four d·welling places close to the 
uppermost level and two on the lower shore level. The lowest finds from ::\Ii-
konsaari and Vaateranta stay even deeper down than the lowest shore level. 
Neither the ancient settlements of southern Lake Saimaa, seen in the shore 
diagram, are located higher than the shore-line of Suursaimaa stage. An ex-
ception is the island of Ahvensaari, ·where, according to RosEN (1 954), finds 
have been discovered as high up as at the elevation of 82.5 m. , which is 6.5 cm . 
above the water level of present Lake Saimaa. It seems clear, that almost 
all the comb-ceramic Neolithic settlements have been overflooded by the 
transgressive Lake Saimaa during the Sub-Boreal period. It seems too , that 
since the archeological material to date is scanty, it does not give sufficient 
support for studying the stages of Lake Saimaa in zones VII and VIII. The 
material reflects however the rise of the water level of Lake Saimaa at that 
time. \Ve may assume that the rising Sub-Boreal water level has caused changes 
in the elevations of discovered :reolithic sites, for they have been located in 
easily drifting beach sands. On the other hand, we could also conclude that 
the prehistoric settlement of the district of southern Lake Saimaa would have 
started at least as early as 3000 B.C. , when the water level in the investigated 
a rea was below that of the present Lake Saimaa. This is pointed out by my 
o"·n pollen studies in the island of Voisalmensaari (LAPPALAINEN 1960b). It 
indicates that culture has had an influence on the local vegetation as early as 
in zone VII and during the time following it. Similar evidence has existed long 
before this elsewher .in Europe and ScandinaYia (FIRBAS 1949, I VERSEN 1941 , 
1949, HAFSTEN 1956, FRIES 195 1 and F LORIN 1958). 
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On the basis of bog stratigraphy and pollen studies as \Yell as taking into 
consideration the low gradient of the shore of Suursaimaa stage of t he in-
, ·estigated a rea, we can consider as proved that the formation of the Vztoksi, 
caused by the breaking of Vuoksenniska, is connected with a period following the 
comb-ceramic culture. 
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ACTA BOT:\XICA PEXXICA 6t, 117 
Fig. :l8. Shore t errace of shore-line "> 011 the isla!ld of Suur-Snomensalo. 
Fig. :1~. Shore features of shore-lines and 2 on the highwa y cut in the market t o wn Lauritsala. 
I 18 Veikko Lappalainen: The s hore-line d isplacement on Saimaa 
Fig. 40. Shore-line 4 ab a t the Yillage of J auhi ala . 
Fig. 4 I. Stone rampart of shore-line 5 in the unrsaimaa holiday \·illage near Sard-
niemi penin ula . 
:\CTA BOT AX IC:\ FEXXI CA 51, 
F ig;. '•2 . Shore- line .• o n the dista l edge of second Salpa usse lk i:i a t the 
,-i!l age of Kuha la. 
Fig. '• :J. Cliff of shore- line :3 in San ·iniemi peni nsula. 
11 y 
120 Vei!tko Lappalainen: The shore-line displacement on Saimaa 
Fig. '• 'o. Shore-line 5 on the island of Kui,·aket\·ele in the parish of Taipalsaari. 
Fig. !o5. Shore-line 4 ab on the island of Kuh·a ket\·ele. 
:\CT:\ BOTA.;\ I C\. FE.;\.;\JCA 64 
Fig. 'tfi. Belt of ice-pushed stones of shore- line '• ab near the \ "aliniemi 
peninsula in T a ipalsaari. 
Fig. '• ~. A steep slope of glacioflu,·ia l accumul a tion , which has been eroded 
by se, ·era l La te-G lacia l shore- tages on the island of Suuri Lintusaari . 
12 1 
122 Veil1ko Lappala inen: The shore-line displacement on Saimaa 
Fig. t,s. Exposed lake mud on the island of Suur-Suomensalo d uring 
the low water stage in 1959. 
Fig. 49. The mouth of the Rh·er Yuoksi in Yuoksenniska. 
ACTA BOTA~IC\ FE~~ICA 64 
Fig. 50 . Beginning of th e discharge cannel of a ncient La ke Sa imaa 
a t the village of Rutola. 
Fig. 5 1. Lahnaj iin ·i shore bog in the pa rish of Lemi. 
123 
124. Veikko Lappalainen: The sh ore-line displacement on Saimaa 
Fig. 52. Ancient tree stump exposed during the Yery low water stage of 
La ke Saim aa in 1960, near the Lampolahti bay, Lauritsala. 
Fig. 5:l. Tree stump on the sandy shore coyered by Detritus mud. 
Islet of H a rtikanluoto in Lauritsala in 1 960. 
:\CL\ BOTA:\IC:\ FE:\:\ICA 64 125 
Fig. 5't. S u baquatic tree stu mp in situ near La uritsala in 1960. 






















For t were donct read •were done$. 
For t 1932t read t 1 932 b t . 
For morth-eash read morth-wesh. 
For t O.Ht read t0.5t . 
For t wereo frmedt read twere formed&. 
For •a rouses• read tarousest . 
For tmutt read tmudt. 
For tditaomst read tdiatomst . 
For t 29t read t Fig. 29t . 



